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Abstract

Background: Matrix metalloproteinase-3 (MMP-3) is expressed in human coronary atherosclerotic lesions and

is known to be involved in the degradation of plaque. This study examines the association of MMP-3 gene
promoter 5A/6A and -709A>G polymorphisms with coronary artery calcium scores in type 2 diabetes
patients.

Methods: The study comprises 140 type 2 diabetes patients aged 34~85 years, who showed no evidence of
clinical cardiovascular disease before recruitment. Recruitment was based on patient’s coronary artery
calcium (CAC) scores and polymorphisms were identified.

Results: Multiple regression analysis showed that the CAC scores were significantly associated with age (P
= 0.008), waist circumference (P = 0.03), duration of diabetes (P = 0.003) and the serum creatinine level (P
= 0.012). MMP-3 5A/6A and -709A>G polymorphisms were not associated with CAC across all subjects.
However, in the subgroup with a duration of diabetes over 10 years, MMP-3 -709A>G were significantly
associated with CAC (P = 0.037) adjusted for age, body mass index, waist circumference and duration of
diabetes.

Conclusion: Our data suggest that the CAC scores in patients with type 2 diabetes were related with age,
waist circumference, duration of diabetes and higher serum creatinine levels. MMP-3 polymorphisms with
-709A>G are associated with high CAC in patients with a duration of diabetes over 10 years. (Korean
Diabetes J 33:113-123, 2009)
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Table 1. Baseline characteristics of the study subjects

N 140
Sex (M/F) 80/60
Age (years) 62.1 £ 8.2
Duration of diabetes (years) 94 + 7.1
Smoking (%)

Non-smoker 76 (54.3%)

Ex-smoker 24 (17.1%)

Current smoker 40 (28.6%)
BMI (kg/m’) 253 £ 3.0
Waist (cm) 89.0 £ 74
Systolic BP (mm Hg) 132 £ 16
Diastolic BP (mm Hg) 79 £ 9
Pulse pressure (mm Hg) 53 £ 13
FBS (mg/dL) 139 = 34
HbAlc (%) 73 + 1.1
Albumin-adjusted calcium (mg/dL) 93 £03
Phosphorus (mg/dL) 3.6 £ 0.6
Ca x P (mg’/dL? 33.0 £ 5.5
hs-CRP" (mg/dL) 0.08 (0.04, 0.19)
Serum creatinine (mg/dL) 1.0 £ 0.2
Microalbuminuria” (mg/g creatinine) 14.8 (7.0, 31.2)
Total cholesterol (mg/dL) 181 + 31
Triglyceride (mg/dL) 147 + 79
HDL-cholesterol (mg/dL) 47 £ 10
LDL-cholesterol (mg/dL) 109 + 27

CAC scores” (AU)

16.5 (0, 128.8)

* Median and interquartile ranges of hs-CRP, microalbumin, CAC scores. BMI, body mass index; BP, blood pressure; Ca

x P, calcium phosphorus product; FBS, fasting blood sugar; HbAlc, hemoglobin Alc; HDL, high density lipoprotein;
hs-CRP, high sensitivty C-reactive protein; LDL, low density lipoprotein.

FEAS] et ofe] Wi 7He] IS Bk
&G = 0.36, P < 0.05), == = 028, P <
0.05), "ol 87174 = 0.31, P < 0.05), A o}
e = 025, P < 0.05)°] I3t 2] AHB{AE Hck
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LDL)et} hs-CRP, HbAlc, AR EE 3413
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Table 2. Pearson correlation analysis between the coronary artery calcfication score and the clinical and

biochemical variables

Variable Correlation Coefficient P value
Age (years) 0.36 < 0.05
Systolic BP 0.15 NS
Diastolic BP -0.02 NS
Waist circumference 0.28 < 0.05
BMI 0.11 NS
Duration of diabetes 0.31 < 0.05
FBS 0.01 NS
HbAlc 0.07 NS
Calcium 0.03 NS
Phosphorus 0 NS
Ca x P 0.01 NS
hs-CRP 0.03 NS
Serum creatinine 0.25 < 0.05
Microalbuminuria 0.12 NS
Total cholesterol -0.05 NS
Triglycerides -0.05 NS
HDL Cholesterol -0.12 NS

* Log (CACs + 1). BMI, body mass index; BP, blood pressure; Ca x P, calcium phosphorus product; FBS, fasting blood
sugar; HbAlc, hemoglobin Alc; HDL, high density lipoprotein; hs-CRP, high sensitivty C-reactive protein; LDL, low
density lipoprotein.

Table 3. Variables predictive of determining the coronary artery calcification (CAC) score using multiple linear

regression analysis with the coronary artery calcium score as dependent variable

Unstandardized Coefficients Standz'irfiized
coefficients P value
B Standard error Beta
Age (years) 0.03 0.010 0.215 0.008
Waist circumference 0.03 0.011 0.229 0.003
Duration of diabetes 0.04 0.011 0.236 0.003
Serum creatinine 1.07 0417 0.192 0.012

Dependent variable: Log (CACs + 1), independent variable: age, waist circumference, duration of diabetes, serum
creatinine.

Table 4. Frequencies of matrix metalloproteinase-3 (MMP-3) gene polymorphisms in the study subjects (n = 140)

Minor
Location i Protei «
Gene SNP rs ocation o .em Genotype frequency allele HWE
number gene coding
frequency
MMP-3 5A/6A 153025058 5° UTR - 6A6A  6A5A  5ASA N
104 35 1 140 0.132 0.567
-709A>G  r1s522616 5° UTR - AA AG GG N
46 67 26 140 0.429 0.644

* P values of deviation from Hardy-Weinberg Equilibrium. HWE, Hardy-Weinberg Equilibrium; 5> UTR, 5’ untranslated
region.
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Table 5. Regression analysis of coronary artery calcification score (CACs) and matrix metalloproteinase-3 (MMP-3)
gene polymorphisms for all study subjects (n = 140) controlling for age, body mass index, waist circumference and

duration of diabetes

Gene SNP Genotype N Log (CACs + 1) P value'
Additive Dominant Recessive
MMP-3 SA/6A 6A/6A 104 124 + 1.07 0.280 - -
6A/5A 35 1.24 + 1.05
5A/5A 1 0
-7109A>G AA 46 1.14 + 0.99 0.335 0.489 0.145
AG 67 1.24 + 1.10
GG 26 1.38 + 1.04

* P values of additive, dominant and recessive models.

Table 6. Regression analysis of coronary artery calcification score (CACs) and matrix metalloproteinase-3 (MMP-3)
gene polymorphisms for study subjects (n = 65) with the duration of diabetes over 10 years controlling for age,

body mass index, waist circumference and duration of diabetes

Gene SNP Genotype N Log (CACs + 1) P value’
Additive Dominant Recessive
MMP-3 “709A>G AA 19 127 + 1.00 0.037 0.336 0.011
AG 36 142 = 1.05
GG 10 221 + 0.56

* P values of additive, dominant and recessive models, in bold indicate significant association at the P < 0.05 level.
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Fig. 1. Box plot showing coronary artery calcification score (CACs) both in 75 subjects with the duration of diabetes
less than 10 years (blank box) and in 65 subjects with the duration of diabetes more than 10 years (dashed box) according
to matrix metalloproteinase-3 (MMP-3) gene -709A>G polymorphisms adjusted with age, body mass index, waist
circumference and duration of diabetes (* P value = 0.037).

3. UHINSE =M AulEd-g FAslo] E4319Ic(Table 7). MMP-3 5A/6A
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Table 7. Regression analysis of coronary artery calcification score (CACs) and matrix metalloproteinase-3
(MMP-3) haplotypes for the all study subjects (All), and for the study subjects (subgroup, n = 65) with the duration

of diabetes over 10 years controlling for age, body mass index, waist circumference and duration of diabetes

Subjects Loci Ht -/- Ht +/- Ht +/+ P value
All htl 21 (1.09 = 1.01) 82 (1.23 + 1.06) 37 (1.32 = 1.09) 0.428
ht2 22 (1.45 + 1.02) 75 (1.22 + 1.11) 43 (1.14 = 0.99) 0.294
ht3 1 (0) 34 (1.27 = 1.04) 105 (1.23 = 1.06) 0.283
Subgroup htl 7 (1.37 = 0.83) 41 (1.36 + 1.06) 17 (1.88 + 0.91) 0.125
ht2 10 (2.21 + 0.56) 36 (1.42 = 1.05) 19 (1.27 + 1.00) 0.037
ht3 1 (0) 17 (1.44 = 1.07) 47 (1.55 = 0.99) 0.181

* Ht -/-, Ht +/- and Ht +/+ represent the subject without ht, heterozygote of ht, and homozygote of ht, respectively.
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