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 Abstracts 

Polymorphisms of MMP-3, MMP-9, MMP-12 and TIMP-1 

Genes as a Determinant of Isolated Coronary Artery Ectasia 

 

Coronary artery ectasia (CAE) has been defined as a localized or diffuse 

nonobstructive lesion of the epicardial coronary arteries with a luminal dilatation ≥ 

1.5 times of the adjacent normal segments. Isolated CAE was defined as a CAE 

without significant stenosis of the coronary artery. The etiology of CAE is obscure 

and usually considered as a variant of coronary atherosclerosis. However, recent 

evidence suggests that the pathophysiologic mechanism of isolated CAE is a 

systemic vascular pathology of the medial layer which is congenital or acquired 

rather than a localized coronary atherosclerosis. Matrix metalloproteinases (MMPs) 

and tissue inhibitor of MMP (TIMP) are key regulators of vascular remodeling and 

arterial aneurysmal formation. DNA polymorphisms in MMPs and TIMPs gene 

have been identified in patients with aneurysmal formation of arteries. 

This study investigated functional MMPs and TIMP polymorphisms in patients 
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with isolated CAE to support the hypothesis that isolated CAE might be a medial 

disease with genetic susceptibility rather than a pure coronary atherosclerosis.  

Thirty cases of isolated CAE, age and sex-matched normal looking coronary artery 

(NCA), and significant coronary artery disease (CAD) were genotyped for four 

polymorphisms in different MMP genes; MMP-3 (nt-1612, 5A/6A), MMP-9 (nt-

1562, C/T), MMP-12 (nt-82, A/G)) and TIMP-1 (nt+434, T/C).  

The main findings of this study are as follows;  

1. There was a significantly higher frequency of the T allele carrier (CAE: 48%, 

CAD: 19% and NCA: 10%, p=0.013) and the T allele MMP-9 (CAE: 24%, 

CAD: 13% and NCA: 8%, p=0.032) in the isolated CAE. However, the 

MMP-3, MMP-12, and TIMP-1 polymorphisms were not associated with 

genetic susceptibility for the isolated CAE.  

2. The wild types of MMP-9, MMP-3, and TIMP-1 were significantly lower in 

isolated CAE (11%) than in either CAD (32%) or NCA (38%). However, the 

CT MMP-9 and TT TIMP-1 were significantly higher in isolated CAE 

(23%) than in CAD (7%) and NCA (3%).  
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3. CT MMP-9 revealed a lower homocysteine level (p=0.028), impaired 

nitrate-mediated vasodilatation of the brachial artery (p=0.012), a more 

frequently involved left anterior descending artery (p=0.017), and multi-

segment involvements of ectasia (p <0.001) compared with those of CC 

MMP-9 in isolated CAE.  

4. A multiple logistic regression analysis of the sex, age and risk factors for 

coronary artery disease showed that the T allele of MMP-9 is an independent 

risk factor of isolated CAE compared to the CAD (odds ratio; 3.67, p=0.04) 

and NCA (odds ratio; 8.77, p =0.002).  

In conclusion, the -1562 C>T polymorphism in the MMP-9 promoter is a genetic 

component that contributes a susceptibility to the isolated CAE. This supports the 

hypothesis that isolated CAE might be a medial disease with genetic susceptibility 

rather than a pure coronary atherosclerosis  

--------------------------------------------------------------------------------------------------- 

Key words: genetics, matrix metalloproteinase, polymorphism, coronary artery 

ectasia
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1. Introduction 

Coronary artery ectasia (CAE) has been defined as localized or diffuse 

nonobstructive lesions of the epicardial coronary arteries with a luminal dilatation ≥ 

1.5 times of the adjacent normal segments.1 In addition, isolated CAE has been 

defined as CAE without significant stenosis or occlusion of the coronary arteries.2 

The etiology of CAE is obscure and usually considered a variant of coronary 
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atherosclerosis.1, 3, 4 However, histological examination of isolated CAE has 

revealed a marked destruction of the medial elastic fibers similar to that of an aortic 

aneurysm, usually out of proportion to the degree of the intimal involvement.5, 6 

This suggests that ectatic transformation is not mandatory to the atherosclerotic 

involvement. Recent reports have shown that the patients with isolated CAE have 

an increased prevalence of aneurysms in other locations of the arterial or venous 

trees, such as aortic aneurysm or varicocele.7, 8 Taken together, a growing body of 

evidence suggests that the mechanism underlying the development of isolated CAE 

might be a diffuse vascular pathology of the medial layer which is congenital or 

acquired, rather than a localized coronary atherosclerosis.7-9  

Matrix metalloproteinases (MMPs) and tissues inhibitor of MMPs (TIMP) are 

key regulators of proteolytic activity against connective tissue proteins such as 

collagen, proteoglycans and elastin in the medial layer of arterial wall.10, 11 

Increased expression of MMPs (MMP-1, MMP-2, MMP-3, MMP-9, and MMP-12) 

and a decreased level of TIMP have been identified in aortic aneurysms. In animal 

models, inhibitors or disruption of MMP genes and overexpression of TIMP-1 may 



 ３ 

block aneurysmal formation.12-15 Moreover, DNA sequence variations in some 

MMPs (MMP-3, MMP-9, and MMP-12) and in the TIMP-1 gene have been 

identified in patients with aneurysmal formations of the aorta, the cerebral and 

coronary arteries.16-20  

This study investigated functional MMP-3 (nt-1612, 5A/6A), MMP-9 (nt-1562, 

C/T), MMP-12 (nt-82, A/G)) and TIMP-1 (nt+434, T/C) polymorphisms in patients 

with isolated CAE to support the hypothesis that isolated CAE might be a medial 

disease with genetic susceptibility rather than a pure coronary atherosclerosis.  

 

2. Methods and Materials 

2.1 Patients 

The study population was prospectively selected from 2,135 consecutive adult 

patients who underwent coronary angiography at Wonju Christian Hospital from 

July 1, 2005 to July 31, 2006. We included the thirty patients (1.41 % of the total 

cases) who had exercise-induced angina pectoris and isolated CAE (Markis type 

I/II; 50%, diameter of ectasia; 5.66 ± 0.52 mm). During the same period, we 
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selected age and sex-matched 31 patients who had exercise-induced angina pectoris 

with significant coronary artery disease (CAD) and 31 patients with normal looking 

coronary artery (NCA). Patients with acute coronary syndromes (myocardial 

infarction and high risk unstable angina), connective tissue disease, valvular heart 

disease, renal failure, left ventricular dysfunction, congestive heart failure, and 

acute infections were excluded from the study.  

2.2 Methods 

2.2.1. Study groups 

The definition of CAE was that which was used in the Coronary Artery Surgery 

Study (CASS).1 CAE was defined as the presence of non-obstructive lesions of the 

epicardial coronary arteries with a luminal dilation exceeding the 1.5-fold of 

normal diameters (Fig.1). If no adjacent normal segment could be identified, the 

mean diameters of the coronary segments in the NCA group were considered to be 

normal values. Isolated CAE was defined as CAE with less than 30% stenosis of 

the epicardial coronary artery. The absence of any atherosclerotic plaques within 

the coronary arterial tree was regarded as a normal looking coronary artery (NCA). 
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Significant CAD was defined by visual assessment as a ≥ 70% luminal narrowing 

in any of the three major coronary branches or a ≥ 50% luminal narrowing of the 

left main coronary artery on coronary angiography. 

  

Fig. 1. Representative examples of the study groups 

(A & B) Diffuse ectatic dilatation of the left coronary (maximal diameter: 6. 3 

mm) and right coronary artery (maximal diameter: 6.5 mm) (C) Normal looking 

right coronary artery (maximal diameter: 3.3 mm) (D) Significant narrowing of 

the mid portion in the right coronary artery (arrow)  

2.2.2. Clinical and angiographic data 

All study patients were evaluated for demographic data and classic risk factors of 

coronary atherosclerosis. Hypertension was defined as a history of repeated blood 
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pressure readings of ≥140/90 mm Hg, hypercholesterolemia by a total cholesterol 

level of ≥200 mg/dl or taking lipid lowering medication, and diabetes mellitus by a 

fasting blood glucose level of ≥126 mg/dl or if the patients was receiving insulin or 

oral hypoglycemics. Current smokers as well as those who had discontinued 

smoking <3 months previously were considered a smoker.  

Coronary angiography were obtained in the right anterior oblique and left 

anterior oblique projection with caudal or cranial angulations. Additional 

projections were also obtained when there was inadequate visualization of the 

coronary arteries. If isolated CAE was suspected, physicians who were blinded to 

the study measured the largest diameter of each ectatic vessel by means of manual 

or computerized quantitative coronary angiograph (QCA). The extent of ectatic 

change was classified as either a diffuse (Markis type I/II) or focal (Markis type 

III/IV) type according to previous criteria.6 

The study was approved by the ethnics committee of the Wonju Christian 

Hospital. Participation was voluntary, and each subject gave written informed 

consent. 
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2.2.3. Functional evaluation of isolated CAE by ultrasound  

In cases of isolated CAE, we measured the intima media thickness (IMT) of the 

carotid artery, the flow-mediated dilatation (FMD) and the nitrate-mediated 

dilatation (NMD) of the brachial artery. These tests are frequently used as surrogate 

measures of subclinical atherosclerosis.21-23  

All patients were asked to refrain from smoking and drinking alcohol and 

caffeine-containing beverages during the six hours proceeding each experimental 

session. Studies were performed from 8 to 10 A.M. after a 12-hour overnight fast in 

a quiet room at a temperature ranging from 15°C to 23°C.  

A high-resolution ultrasound system equipped with a 13-MHz transducer 

(Vivid 7, General Electric Vingmed Ultrasound, Horten, Norway) was used for 

longitudinal scans of the far wall of the distal 2.0 cm of the two common carotid 

arteries immediately proximal to the origin of the bifurcation for assessing IMT. 

Three measurements of IMT were performed in the right and left carotid arteries 

and were averaged to determine the mean IMT for each side and for the two sides 

combined (Fig. 2).21  
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Fig. 2. Measurements for intima media thickness (IMT) of the left carotid artery 

 

FMD and NMD of the brachial artery were determined using the same 

transducer. The brachial artery was scanned in longitudinal section, either on the 

right or on the left forearm, 2 to 15 cm above the elbow. Three cardiac cycles were 

analyzed for each scan, and the measurements were averaged. After the baseline 

measurements, a pneumatic tourniquet was inflated below the elbow to at least 50 

mm Hg above the systolic pressure; forearm cuff occlusion was maintained for 4.5 

minutes. Therefore, the diameter of the artery was measured at one minute after 

cuff deflation. After 10 minutes of vessel recovery, a resting scan and 

measurements were repeated. Sublingual glyceryl trinitrate (0.3 mg) was 

successively administered to evaluate endothelium-independent vasodilation. The 
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last set of scans was performed three minutes after the nitrate intake. The FMD and 

NMD were expressed as the percentage change in diameter compared with basal 

measurements (Fig. 3).23 The same investigator, blinded to clinical data, studied 

each patient to avoid interobserver variability. Five studies of brachial artery 

reactivity were randomly selected for a second analysis to assess intraobserver 

variation, which in diameter measurements was 0.38 ± 0.26% (range 0.1% to 1.2%), 

yielding a coefficient of variation of 1.26% and a coefficient of repeatability of 

0.5%. 

 
Fig. 3. Schematic drawing of ultrasound imaging of the brachial artery with cuff 

placement and transducer position above the antecubital fossa (From ref. 23.)  

FMD; flow-mediated vasodilation 
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We also measured elastic properties of the ascending aorta by ultrasound to 

assess the stiffness of the large arteries (Fig.4).24, 25 Thoracic aortic diameters were 

measured 3 cm above the aortic valve by 2D guided M-mode echocardiography of 

the aortic root at left parasternal long-axis view. Aortic systolic diameter (AoSD) 

was measured at the time of full opening of the aortic valve, and diastolic (AoDD) 

diameter at the peak of the QRS complex at the simultaneous ECG recording. The 

following indices for the elastic properties were calculated: 

1. Aortic stiffness index (AoSI)=ln (systolic/diastolic blood pressure)/(systolic − 

diastolic aortic diameter/diastolic aortic diameter).24 

2. Aortic root distensibility (AoD) = 2 × (systolic − diastolic aortic 

diameter/diastolic aortic diameter × aortic pulse pressure) in cm2 dyn−110−3.25 

 

Fig. 4. Ultrasonographic measurements of aortic stiffness
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2.2.4. Genotyping  

Genomic DNA was extracted from 10 ml whole blood by standard phenol: 

chloroform extraction. DNA fragment amplification was performed by polymerase 

chain reaction (PCR). Primers and PCR conditions used for MMP-3 have been 

previously described.26 PCR was carried out using the following primers, 5’-GA 

TTACAGACATGGGTCACA-3’ (forward primer) and 5’-TTCAATCAGGACA 

AGACGAAGTTT-3’(reverse primer). A 10 ㎕ aliquot of PCR products was 

mixed with a 5 ㎕ solution containing 1.5 ㎕ 10 x NEBuffer 2 (50 mM NaCl, 10 

mM Tris–HCl, 10 mM MgCl2, 1 mM dithiothreitol, pH 7.9), 1.5 µl bovine serum 

albumin (1 mg:ml), 0.3 ㎕ XmnI (20 U/㎕) and 1.7 ㎕ sterile deionized H20. The 

solution was incubated at 37°C for 2 h. A 5 ㎕ aliquot of the digests was mixed 

with 2 ㎕ of loading buffer and electrophoresed on a 10% horizontal non-

denaturing polyacrylamide gel at 130 volts for 1 h and 30 min. The gel was then 

stained with SYBR Green Ⅰ(BMA Products,Rockland, ME, USA) and visualized 

under ultraviolet transilluminator (Fig. 5). 
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Fig. 5. 5A/6A MMP-3 polymorphism 

PCR was carried out using the two primers and digested with Xmn. Lane M is 

a 25-base-pair DNA ladder. Inferred genotypes are indicated on the bottom. 

 

The C to T transition at position -1562 in the MMP-9 gene was examined with 

the method described by Zhang et al.27 In brief, PCR amplification was conducted 

with forward (5’-CAACGTAGTGAAACCCCATCTCT) and reverse (5’-

TCCAGGCC CAATTATCACACTTAT) primers. The resulting 435-base-pair (bp) 

PCR product was subjected to restriction enzyme digestion with NlaⅢ and was run 

on a 3% Seakem LE agarose gel (BMA Products,Rockland, ME, USA). Alleles 

were represented by 244 base pair (C) or 191 base pair (T) product bands (Fig. 6).
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M     1      2       3       4      5

CC   CC TT   CC   CT

M     1      2       3       4      5

CC   CC TT   CC   CT
 

Fig. 6. Genotype products of MMP-9 polymorphism (C-1562T) 

PCR was carried out using the two primers and digested with NlaIII. Lane M is 

a 100-base-pair DNA ladder. Inferred genotypes are indicated on the bottom. 

 

The A to G transition at position -82 in the MMP-12 gene was examined with 

the method described by Jormsjo et al.28 In brief, PCR amplification was conducted 

with forward (5’-AAGAGCTCCAGAAGCAGTGG-3’) and reverse (5’-TGAGGT 

GGGTAAGAGTACAATGG-3’) primers. The resulting 137-bp PCR product was 

subjected to restriction enzyme digestion with Pvu I and was run on a 3% Seakem 

LE agarose gel (BMA Products, Rockland, ME, USA). Alleles were represented by 

116 base pair (A) or 21 base pair (G) product bands (Fig. 7). 
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M      1       2       3        4      5

AA   AA AA AA AA

M      1       2       3        4      5

AA   AA AA AA AA
 

Fig. 7. Genotype products of MMP-12 polymorphism (A-82G) 

PCR was carried out using the two primers and digested with PvuⅠ. Lane M is a 

25 base pair DNA ladder. Inferred genotypes are indicated on the bottom. 

 

The T to C transition at position +434 in the TIMP-1 gene was examined with 

the method described by Wang et al.29 The PCR for TIMP-1 was carried out as  

two step PCR amplification. In brief, the first PCR amplification was conducted 

with forward (5’-TGGGGACACCAGAAGTCAAC-3’) and reverse (5’-

TAAGCTCAGGCTGTTCCAGG-3’) primers, and then the first PCR products 

were diluted 10-fold and used for the second PCR. The second PCR amplification 

was conducted with forward (5’-AGGCTGTTCCAGGGAGTCGC-3’) and reverse 
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(5’-CCGCCATGGAGAGTGTCTGC-3’) primers. The first PCR product size was 

653 bp and the second PCR product size was 339 bp. The second PCR product was 

subjected to restriction enzyme digestion with Nru I and was run on a 5% Seakem 

LE agarose gel (BMA Products, Rockland, ME, USA). Alleles were represented by 

320-base-pair (T) or 19-base-pair (C) product bands (Fig. 8). 

 

M     1       2       3        4      5

TC   TC TT   TT TT

M     1       2       3        4      5

TC   TC TT   TT TT
 

Fig. 8 Genotype products of TIMP-1 polymorphism (T+434C)  

2nd PCR products digested with NruⅠ. Lane M is a 25-base-pair DNA ladder. 

Inferred genotypes are indicated on the bottom. 

 

2.2.4. Statistics 

Statistical analyses were performed using the SPSS 12.0 statistical program (SPSS 
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Inc., IL, USA). Continuous variables are expressed as a mean and standard 

deviation. The quantitative variables were compared between groups with the use 

of analysis of variance (ANOVA) or unpaired Student’s t tests. Genotype and allele 

frequencies were compared with using the Pearson’s chi-square test or the Fisher 

exact test when necessary. A logistic regression analysis was used to determine 

variables that were independently associated with isolated CAE. A p-value < 0.05 

was considered statistically significant.  

 

3. Results 

Ninety-eight patients were enrolled in this study. Six patients were excluded from 

the analysis because four had congestive heart failure and two showed inconclusive 

angiographic findings. The clinical and laboratory characteristics among 3 groups 

are listed in Table 1. There was no difference in age, gender, risk factors and 

clinical diagnosis among the three groups.  
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Table 1. Baseline characteristics among the CAE, CAD and NCA groups 

 CAE (n=30) CAD (n=31) NCA ( n=31) p 

Age (y) 61.0 ± 7.4 62.2 ± 11.0 58.7 ± 10.3 0.463 

Sex, male % 14 (47) 16 (52) 13 (42) 0.679 

Hypertension (%) 15 (50) 16 (52) 13 (42) 0.518 

Diabetes (%) 3 (10) 9 (29) 7 (23) 0.433 

Current smoke (%) 10 (33) 13 (42) 6 (19) 0.134 

Total-C, mg/dL 189 ± 40 192 ± 39 193 ± 33 0.698 

Triglyceride, mg/dL 162 ± 83 153 ± 82 143 ± 68 0.588 

HDL-C, mg/dL 46 ± 15 46 ± 12 52 ± 14 0.100 

LDL-C, mg/dL 111 ± 35 116 ± 33 112 ± 29 0.844 

hsCRP, mg/dL 0.71 ± 1.92 0.83 ± 1.82 0.20 ± 0.30 0.134 

Clinical Diagnosis 

Stable angina 

Unstable angina 

Atypical pain 

 

21 

7 

2 

 

14 

15 

1 

 

15 

5 

4 

0.062 

Mean diameter of 

ectatic segment (mm) 

5.66 ± 0.52 - - - 

Markis type I/II (%) 15 (50) - - - 

All values are statistically insignificant. CAE: isolated coronary artery ectasia, 

CAD: significant coronary artery disease, NCA: normal looking coronary artery, C: 

cholesterol  

 

The mean diameters of ectatic segments were 5.66 ± 0.52 mm. The diffuse 

type of isolated CAE was 15 of the 30 patients. The results of the genetic analyses 

are presented in Tables 2. For MMP-3 (nt-1612, 5A/6A) polymorphism, no 

significant association was observed among the three groups. Carriers of the 5A 
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allele were more frequently observed in the CAE group (33%) compared with both 

the CAD (26%) and the NCE (19%) group, but these differences were not 

statistically significant.  

By contrast, there was a significantly higher frequency of the CT genotype 

(CAE: 48%, CAD: 19% and NCA: 10%, p=0.013) and the T allele of MMP-9 

(CAE: 24%, CAD: 13% and NCA: 8%, p=0.032).in the isolated CAE group 

compared to the other groups.  

For the TIMP-1 (nt+434, T/C) polymorphism, the TC genotype and C allele 

frequency were more frequent in the NCA group, but the differences were not 

statistically significant. There was no MMP-12 (nt-82, A/G) polymorphism among 

the three groups. 
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Table 2. MMP-3, MMP-9, MMP-12 and TIMP-1 genotypes and alleles 

  CAE 

n (fraction) 

CAD 

n (fraction) 

NCA 

n (fraction) 

p 

MMP-3 6A/6A 18(0.67) 22 (0.71) 25(0.81) 0.255 

 6A/5A 9 (0.33) 8 (0.26) 6 (0.19)  

 5A/5A 0 (0) 1(0.03) 0 (0)  

 Allele 5A 9 (0.17) 10 (0.16) 6 (0.10) 0.778 

 Allele 6A 45 (0.83) 52 (0.84) 56 (0.90)  

MMP-9 CC 14 (0.52) 24 (0.77) 27 (0.87) 0.013 

 CT 13 (0.48) 6 (0.19) 3 (0.10)  

 TT 0 (0) 1(0.03) 1 (0.03)  

 Allele C 41 (0.76) 56 (0.87) 59 (0.92) 0.032 

 Allele T 13 (0.24) 8 (0.13) 5 (0.08)  

MMP-12 AA 30(1.00) 31 (1.00) 31 (1.00)  

 AG 0 (0) 0 (0) 0 (0)  

 GG 0 (0) 0 (0) 0 (0)  

 Allele A 60 (1.00) 62 (1.00) 62 (1.00)  

 Allele G 0 (0) 0 (0) 0 (0)  

TIMP-1 TT 14(52) 18 (58) 14(45) 0.896 

 TC 12 (44) 12 (39) 16 (52)  

 CC 1 (4) 1(3) 1 (3)  

 Allele T 40 (0.74) 48 (0.87) 44 (0.77) 0.632 

 Allele C 14 (0.26) 14 (0.23) 18 (0.33)  

CAE: isolated coronary artery ectasia, CAD: significant coronary artery disease, 

NCA: normal looking coronary artery  
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For the combination of MMP-3 and MMP-9 gene polymorphisms, the four 

major genotypes in the study groups were CC 6A/6A, CC 5A carrier, CT 6A/6A 

and CT 5A carrier (Table 3). The frequency of the CC 6A/6A genotype (wild type) 

was significantly lower in the CAE (33.3%) group than in the CAD (58.1%, 

p=0.04) and NCA (71.0 %, p<0.01) groups.  

 

Table 3. Combined frequency of MMP-9 and MMP-3 among the CAE, CAD and NCA 

MMP-9 MMP-3 CAE (%) CAD (%) NCA (%) p 

CC 6A/6A 9 (33.3)*† 18 (58.1) 22 (71.0)  0.091 

CC 5A carrier 5 (18.5) 6 (19.4) 5 (16.1)  

CT 6A/6A 9 (33.3) 5 (16.1) 3 (9.7)  

CT 5A carrier 4(14.8) 2 (6.5) 1 (3.3)  

* p<0.05 compare to the CAD, † p<0.01 compare to the NCA 

 

For the combination of MMP-9 and TIMP-1 gene polymorphism, the four major 

genotypes in the study groups were CC TT, CC C carrier, CT TT and CT C carrier 

(Table 4). The frequency of the CT TT genotype was significantly higher in the 

CAE (23.3%) group than CAD (6.5 %, p<0.01) and NCA (2.9 %, p<0.01) groups. 
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Table 4. Combined frequency of MMP-9 and TIMP-1 in the CAE, CAD and NCA groups 

MMP-9 TIMP-1 CAE (%) CAD (%) NCA (%) p 

CC TT 8 (26.7) 18 (48.4) 22 (42.9) 0.048 

CC C carrier 5 (26.7) 6 (29.0) 5 (45.7)  

CT TT 7 (23.3) † 2 (6.5) 1 (2.9)  

CT C carrier 7(23.3) 5 (16.1) 3 (8.6)  

† p <0.01 compare to the NCA and CAD 

For the combination of MMP-3, MMP-9, and TIMP-1 gene polymorphism, the 

eight major genotypes in the study groups are shown in Table 5. Isolated CAE 

patients had less frequent wild types of three genes (CC MMP-9, 6A/6A MMP-3 

and TT TIMP-1) than did patients in both the CAD and NCA groups. 

 

Table 5. Combined frequency of MMP-3, MMP-9, and TIMP-1in the CAE, CAD 

and NCA groups 

MMP-9 MMP-3 TIMP-1  CAE (%) CAD (%) NCA (%) 

CC 6A/6A TT 3 (11.1)*† 10 (32.3) 12 (38.7) 

CC 6A/6A C carrier 6 (22.2) 8 (25.8) 10 (32.3) 

CC 5A carrier TT 4 (14.8) 4 (12.9) 1(3.2) 

CC 5A carrier C carrier 1 (3.7) 1 (3.2) 4(12.9) 

CT 6A/6A TT 5 (18.5) 2 (6.5) 1 (3.2) 

CT 6A/6A C carrier 4 (14.8) 3 (9.7) 2 (6.5) 

CT 5A carrier TT 2(7.4) 1 (3.2) 0 (0) 

CT 5A carrier C carrier 2(7.4) 1(3.2) 1 (3.2) 

* p<0.05 compare to the NCA, † p<0.01 compare to the CAD 
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Table 6 shows the clinical, angiographic and functional study data between CC 

and CT MMP-9 in isolated CAE. Age, gender, and risk factors of coronary artery 

disease including cholesterol profiles, Lp (a), hsCRP and clinical diagnosis were 

not different between CC homozygote and CT heterozygote. Homocystein was 

significantly higher in CC homozygote than CT heterozygote (11.7 ± 1.9 vs. 9.2 

± 2.1 mg/dL, p=0.028).  

In coronary angiography, CT heterozygote showed multi-segment 

involvements of coronary arteries (p<0.001), especially the left anterior descending 

artery (p=0.017) and more frequent diffuse types (Markis type 1 and 2) than CC 

homozygote. 

There was no difference in left ventricular ejection fraction, systolic aortic diameter, 

aortic distensibility, aortic stiffness index, carotid IMT and flow mediated dilatation 

of the brachial artery between CC homozygote and CT heterozygote. However, CT 

heterozygote had significantly lower nitrate-mediated dilatation of the brachial 

artery than CC homozygote (7.6 ± 3.2 vs. 14.8 ± 3.6 %, p=0.012). 
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Table 6. Relation between MMP-9 polymorphism and phenotype in isolated CAE 

 C/C C/T p 

Male (%) 9 (56) 5 (36) 0.225 

Age, yr 62 ± 7 69 ± 7 0.106 

Hypertension (%) 7 (44) 8 (57) 0.464 

Diabetes (%) 1 (6) 2 (14) 0.464 

Smoker (%) 5 (31) 5 (36) 0.796 

Stable angina (%) 12 (75) 9 (64) 0.802 

Total-C, mg/dL 183 ± 43 196 ± 38 0.379 

LDL-C, mg/dL 107 ± 35 115 ± 38 0.550 

HDL-C, mg/dL 48 ± 18 45 ± 12 0.632 

Triglyceride, mg/dL 145 ± 88 180 ± 77 0.264 

hs-CRP, mg/dL 0.21 ± 0.19 0.32 ± 0.26 0.244 

Lp (a) 10.0 ± 11.5 17.3 ± 22.2 0.419 

Homocysteine, mg/dL 11.7 ± 1.9 9.2 ± 2.1 0.028 

Lesion site  LAD  7 (44) 12 (86) 0.017 

    RCA 10 (62) 8 (57) 0.529 

    LCx 5 (31) 4 (29) 0.596 

Markis type 1, 2/ 3, 4 4/10 11/5 0.028 

Diameter of ectasia 5.49 ± 0.20 5.83 ± 0.68 0.081 

No. of ectasia 3.1 ± 1.1 6.1 ± 3.7 0.003 

LV ejection fraction (%) 67 ± 8 67 ± 10 0.993 

Aortic diameter (mm) 37 ± 4 35 ± 5 0.226 

Ao distensibility 3.3 ± 2.9 2.6 ± 1.9 0.581 

Ao stiffness (ß index) 3.6 ± 1.1 3.5 ± 1.90 0.876 

Carotid IMT (mm)  0.64 ± 0.17 0.58 ± 0.19 0.625 

FMD (%) 4.2 ± 1.6 3.6 ± 2.6 0.685 

NMD (%) 14.8 ± 3.6 7.6 ± 3.2 0.012 

C: cholesterol, LAD: left anterior descending, RCA: Right coronary artery, LCx: left 

circumflex artery, Ao: aorta, IMT: intima media thickness, FMD: flow mediated dilatation, 
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NMD: nitrate mediated dilatation 

A multiple logistic regression analysis of the sex, total cholesterol and risk 

factors for coronary artery disease showed the CT of MMP-9 is an independent 

factor in the prediction of an isolated CAE compared to the CAD (adjusted odds 

ratio; 3.69, p=0.04) and the NCA,( adjusted odds ratio; 8.97, p <0.01) groups. 

 

Table 7. Multivariate regression analyses for CAE vs. CAD and CAE vs. NCA 

 OR 95% CI p 

CAE vs. CAD    

Sex 0.59 0.15-2.30 0.443 

Age 1.03 0.97-1.10 0.397 

Diabetes 0.28 0.10-1.18 0.081 

Smoker 0.36 0.09-1.50 0.162 

MMP-9, CT 3.67 1.08- 8.55 0.038 

CAE vs. NCA    

Sex 0.60 0.15-2.30 0.450 

Age 0.95 0.86-1.05 0.094 

Diabetes 0.74 0.10-3.91 0.746 

Smoker 1.59 0.33-7.70 0.565 

MMP-9, CT 8.97 2.24-26.04 0.002 

OR: odds ratio, CI: confidence interval 
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4. Discussion 

The etiology of CAE remains completely unknown in most cases. Pathologic 

observations have indicated that the development of CAE can be associated with 

weakening of the blood vessel due to extensive medial degeneration.3-6 There is 

accumulating evidence indicating that overdegradation of vascular structural 

proteins by matrix metalloproteinases (MMPs) is an important mechanism involved 

in the development of medial degeneration and aneurysmal formation.10-14 The 

expression of MMPs is regulated at the transcriptional level, while the activity of 

MMPs is dependent on activation of MMP zymogens and influenced by TIMPs 

(tissue inhibitor of MMPs) which inhibit active MMPs.30, 31 The present study 

sought to ascertain whether polymorphisms in MMP and TIMP genes influence on 

the susceptibility of isolated coronary artery ectasia.  

In this study, we clearly showed that the -1562 C>T polymorphism in the 

MMP-9 promoter is a genetic component that contributes a susceptibility to the 

isolated coronary artery ectasia when compared to the both CAD and NCA. 

However, there were no differences for the polymorphism of MMP-3, MMP-12, 
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and TIMP-1 among the three groups. 

Most functional polymorphism studies of MMP-9 have focused on the -1562 C>T 

polymorphism and the (CA)n polymorphism, both in the promoter region (Fig. 9).  

 

 
Fig. 9. MMP-9 gene polymorphisms  

NFkB, transcription factor NFkB binding site; SP1, transcription factor SP1 binding 

site; AP1, transcription factor AP1 binding site; TIE, transforming growth factor h1 

inhibitory element; TATA, TATA box. (From ref. 36.) 

 

Functional studies indicate that the -1562 C>T polymorphism has an allele-

specific effect on MMP-9 transcription. In vitro experiments showed that the T-

1562 allele has higher promoter activity in driving gene expression than the C-1562 

allele.32 Gene expression (MMP-9 mRNA) in the human aortic samples was 5-fold 

higher in T allele carriers compared with C/C homozygotes.33 At the protein level, 
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the active MMP-9 protein was also significantly higher in T allele carrier.33  

These results suggest that -1562 C>T polymorphism has an effect of MMP-9 

activity in vivo and in vitro. Increased expression of MMP-9 has been associated 

with outward remodeling and aneurysmal formation of arteries because it occurs 

along with excessive degradation of matrix components, such as gelatin, elastin, 

vitornectin, and collagen type II, IV, and V.34-36   

Jones et al. studied the MMP9 -1562 C>T polymorphism in patients with 

abdominal aortic aneurysm and found that the frequency of the T-1562 allele 

bearing genotypes was significantly more common in patients with abdominal 

aortic aneurysms compared with both the control subjects and patients with 

peripheral vascular disease (adjusted odds ratio, 2.41 and 2.94, respectively).17 In 

addition, Peters et al. studied the MMP-9 gene (CA)n polymorphism in patients 

with intracranial aneurysms, and showed that the frequency of the (CA)23 allele, 

which has a higher MMP-9 promoter activity was higher in patients with 

intracranial aneurysms than control subjects.16 However, This difference of (CA)n 

polymorphism was not detected in coronary aneurysms.19 To the best of our 
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knowledge, this is the first evidence that the -1562C>T polymorphism in the MMP-

9 promoter is a genetic component that contributes a susceptibility to the isolated 

coronary artery ectasia. 

For the combination of MMP-3, MMP-9 and TIMP-1 polymorphism, the 

isolated CAE had less frequent wild types of the three genes (CC MMP-9, 6A/6A 

MMP-3 and TT TIMP-1) and more frequent CT MMP-9 and TT TIMP-1 compared 

with both CAD and NCA. The present results suggest that the isolated CAE has 

more frequent genetic variations of MMPs which are mainly dependant on the -

1562C>T polymorphism of MMP-9. Regression analyses confirmed that CT 

genotype of MMP-9 is an independent relation for isolated CAE compared to the 

CAD and NCA groups. 

In phenotypic analysis between CC and CT MMP-9 in isolated CAE, CT 

MMP-9 showed multi-segment involvements of coronary arteries (p< 0.001), 

especially the left anterior descending artery (p=0.017), and more frequent of 

Markis type I and II (diffuse type of ectasia). These results imply that the T allele 

of MMP-9 may play an important role in the pathogenesis and progression of 
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diffuse coronary artery ectasia. Recent evidence has shown that the patients with 

isolated CAE have an increased prevalence of ectasia or aneurysms in other 

locations of the arterial or venous trees, such as aortic aneurysms or varicoceles.7, 8, 

37, 38 Papadakis et al hypothesized that gene-mediated increased proteolysis in the 

arterial wall through the action of locally increased levels of metalloproteinases, 

may act as a predisposing factor for the development of aneurysms through the 

action of locally-increased levels of MMPs. 8, 9  

We also showed that nitrate-mediated dilatation of the brachia artery in CT 

MMP-9 was significantly lower than that of the CC MMP-9 genotype (p=0.012). 

The more pronounced decrease of nitrated-mediated dilatation that reflects an 

underlying smooth muscle dysfunction has substantiated that this possible medial 

destruction or dysfunction is not localized to the coronary vessel territories.37, 39, 40  

Based on previous results and on our results, -1562C>T MMP-9 

polymorphism might be related to the diffuse vascular pathology of the medial 

layer rather than to a localized coronary artery involvement. However, we failed to 

evaluate other arterial and venous systems. Further investigations would be 
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required to test this putative association. Limitations of the present study must be 

considered. First, the association of a MMP-9 polymorphism with isolated CAE 

does not imply that the genetic variation itself increase the synthesis of MMP-9 in 

coronary artery in isolated CAE. We could not document the tissue expression of 

MMP-9 in isolated CAE because it was impossible to obtain the pathology of 

isolated CAE in human and animal model. Second, the sample size of this study is 

relatively small. However, the strength of this study was obtained from a 

prospective gene approach in a rare disease (30 cases out of 2,135). 

 

5. Conclusions 

The -1562 C>T polymorphism in the MMP-9 promoter is a genetic component 

contributing to a susceptibility to the isolated coronary artery ectasia. This supports 

the hypothesis that isolated coronary artery ectasia might be a medial disease with 

genetic susceptibility rather than a pure coronary atherosclerosis although other 

mechanisms cannot be excluded.  
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국문국문국문국문 요약요약요약요약 

관동맥 확장증에서의 MMP-3, MMP-9, MMP-12, TIMP-1 

유전자 다형성에 관한 연구  

< 지도 윤 정 한 교 수 > 

연세대학교 대학원 의학과 

김 장 영 

관상동맥 확장증은 관상동맥의 비정상적인 확장을 지칭하는데, 인접한 

정상적인 분절보다 1.5배 이상 늘어난 경우를 말한다. 일반적으로 

관상동맥 확장증은 관상동맥 경화증이 병인으로 알려져 있다. 그러나, 

최근 연구들에 의하면 동맥 경화증이 아닌 혈관의 중막의 변성을 국소적 

또는 전반적으로 침범하는 질환임을 암시하고 있다. 동맥 혈관의 

재형성과 동맥류는 중막에 의해 좌우되며, 이를 조절하는 분자 

생물학적인 기전으로 matrix metalloproteinase (MMP)와 tissue inhibitor of 

MMP (TIMP)가 중요한 역할을 하는 것으로 알려져 있고, MMP와 TIMP의 

유전적 다형성은 대동맥류, 뇌혈관류, 관상동맥류와 일부 연관성을 

보고하고 있다. 본 연구의 목적은 관상동맥 확장증의 원인이 동맥경화에 
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의한 것이 아니라 관상동맥 중막의 질환이라는 가설의 일부를 

증명하고자, 중막 대사에 관여하는 MMP-3, MMP-9, MMP-12와 TIMP-1의 

유전자 다형성이 관상동맥 확장증의 병인임을 증명하고자 하였다. 

유전자 분석이 가능하였던 30예의 관상동맥 확장증과 대조군으로서 성 

나이가 동등한 관상동맥 질환군과 정상 관상동맥군의 MMP-3, MMP-9, 

MMP-12와 TIMP-1의 유전자와 임상결과를 분석하였다.  

세 군의 관상동맥의 위험인자를 포함한 임상 양상은 유사하였다. 

MMP-9 (nt-1562, C/T)는 관상동맥 확장증에서 T allele 빈도는 24%로 정상 

관동맥의 8%, 관동맥 질환군의 13%에 비해 유의한 차이가 있었다 

(p=0.032). 또한, 관상동맥 확장증에서 heterozygote MMP-9의 빈도는 

48%로 정상 관동맥의 10%, 관동맥 질환군의 19%에 비해 유의한 차이가 

있었다 (p=0.013). 각 유전형의 wild type의 빈도는 관상동맥 확장증에서 

11%로 정상 관동맥의 32%, 관동맥 질환군의 38%에 비해 유의하게 

적었다. 관상 동맥 확장증에서 CT MMP-9은 CC MMP-9에 비하여 

통계적으로 유의하게 호모시스테인이 낮았고, 나이트레이트에 의한 상완 

동맥의 혈관 확장능이 저하되었고, 좌전하행지 동맥을 잘 침범하였고, 



 ４１ 

관상 동맥을 미만성으로 침범하는 소견을 보였다. 심혈관 질환의 

위험인자를 포함한 다중회귀분석에서 MMP-9의 T allele carrier는 정상 

관동맥 (OR; 8.77, p=0.002)과 관상동맥 질환군 (OR; 3.67, p=0.04)과 

비교하여 독립적인 관상동맥 확장증의 위험인자이었다.  

이상의 결과를 정리하면, -1562 C>T MMP-9의 유전체 다형성은 

관상동맥 확장증의 유전적 위험인자로 기여함을 증명하였고, 이는 

관상동맥 확장증이 관상동맥 중막의 대사 질환이라는 가설의 일부를 

뒷받침한다.  

---------------------------------------------------------------------------------------------------- 

핵심 되는 말: 유전학, 다형성, 관상동맥 확장증, matirx metalloproteinase 
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