Association of blood active matrix metalloproteinase-3 with carotid plaque score from

a community population in Taiwan

Li-Ming Lien'*, Yi-Chen Hsieh®, Chyi-Huey Bai*, Wei-Hung Chen**, Hou-Chang

Chiu>°, Fang-I Hsieh”, Kou-Gi Shyu'~, Hung-Yi Chiou*, Chung Y. Hsu’

'Graduate Institute of Clinical Medicine, College of Medicine, Taipei Medical
University, Taipei, Taiwan; > School of Medicine, Taipei Medical University, Taipei,
Taiwan; Department of *Neurology and *Cardiology, Shin Kong WHS Memorial
Hospital, Taipei, Taiwan; *School of Public Health, Taipei Medical University, Taipei,
Taiwan; College of Medicine, Fu Jen Catholic University; 7 Graduate Institute of

Clinical Medical Science, China Medical University, Taichung, Taiwan



Co-corresponding authors:

Hung-Yi Chiou, PhD

School of Public Health, Taipei Medical University, Taipei, Taiwan.
250 Wusing St., Taipei 11031, Taiwan.

E-mail: hychiou@tmu.edu.tw

Phone: +(886)-2-23779189

Fax: +(886)-2-23779188

Chung Y. Hsu, MD, PhD
Graduate Institute of Clinical Medical Science
China Medical University

21 floor, 2 Yuh-Der Road, Taichung, 40447, Taiwan

E-mail: hsuc@mail.cmu.edu.tw

Phone: +(886)-4-2206-5299

Fax: +(886)-4-2206-4888


mailto:hychiou@tmu.edu.tw
mailto:hsuc@mail.cmu.edu.tw

Title Page

Full title: Association of blood active matrix metalloproteinase-3 with carotid plaque

score from a community population in Taiwan

Cover title: Blood matrix metalloproteinase-3 and carotid plaque

Word count of body: 3998

Word count of abstract: 243

Number of Table: 3

Table 1 Characteristics of study subjects

Table 2 Multiple ordinal logistic regression: risk factors associated with carotid plaque

score and IMT after adjustment for covariates

Table 3 Correlation between carotid plaque scores, blood active MMP-3 levels, blood

total MMP-3 levels and MMP-3 -1612 5SA/6A genotypes

Number of Figure: 1

Key Words: Blood active matrix metalloproteinase-3; carotid plaque; MMP-3

genotype



Abstract

Objective- Matrix metalloproteinases (MMPs) are implicated in the pathogenesis of
atherosclerosis. However, the relationship between blood levels of MMPs and the
extent of carotid atherosclerosis remains uncertain. We assessed blood levels of active
MMPs in relation to the extent of carotid plaque formation and intima-media

thickness (IMT) in a community population in Taiwan.

Methods- In 433 subjects from a community primary stroke prevention program,
blood levels of active MMP-1, total and active MMP-3 and active MMP-9 were
determined using enzyme-linked immunosorbent assays, carotid plaque score (PS)
and IMT by high-resolution B-mode ultrasonography and the common MMP-1,
MMP-3, and MMP-9 promoter low- and high-activity genotypes by polymerase chain

reaction and restriction fragment length polymorphism.

Results- Study subjects were separated into 3 groups based on PS: group 1 (PS=0),

group 2 (PS=1 to 2) and group 3 (PS=3). Blood levels of active and total MMP-3

bear a significant relationship with PS (p<0.0001 for both active and total MMP-3). A
multiple ordinal logistic regression analysis revealed that blood levels of active
MMP-3 are correlated with PS (OR, 1.4; 95% CI, 1.1 to 1.8; p=0.0038) but not IMT.
MMP-3 -1612 6A6A is a dominant genotype in this population, which is associated

with higher levels of blood active MMP-3.

Conclusion- Blood levels of active MMP-3 are associated with the extent of carotid
atherosclerosis based on PS but not IMT in this community population in Taiwan and
the MMP-3 -1612 6A6A genotype is associated with higher levels of blood active

MMP-3.



Introduction

Carotid atherosclerosis, which can be detected with non-invasive methods, is a

marker for the development of cardiovascular diseases.[1] The severity of carotid

atherosclerosis can be assessed by intima-media thickness (IMT) and plaque score

derived from high-resolution B-mode ultrasonography or Doppler measurement of

blood flow velocity.[2-4] Carotid plaques and plaque-free IMT are biologically and

genetically distinct entities, which represent different phenotypes of atherosclerosis.

Plaques are focal manifestations of atherosclerosis while increased IMT represents

mainly hypertensive medial hypertrophy. Both should be measured when

atherosclerosis is assessed.[5] Atherosclerosis is a chronic inflammatory process in

the arterial wall. However, the relationship between atherosclerosis and inflammatory

markers such as hs-CRP remains uncertain.[6]

Matrix metalloproteinases (MMPs) are a family of endopeptidases implicated in

the degradation of connective tissue and extracellular matrix (ECM) in inflammatory

processes leading to atherosclerosis.[7-9] Increased expression of MMP-1, -3, -9 and

tissue inhibitors of metalloproteinases (TIMP)-1 at the protein level has been shown

in advanced carotid plaques.[9] The MMP-3 gene is overexpressed in smooth muscle

cells and macrophages based in atherosclerotic plaques by in situ hybridization

studies.[10] MMP-3 is capable of degrading a wide range of ECM components and



activating other MMPs (e.g. pro-MMP-1, -8, -9 and -13) as well as its own proenzyme,

pro-MMP-3.[4]

The common MMP-1 and MMP-3 promoter low- and high-activity genotypes
have been related to carotid plaque formation or IMT.[11, 12] Inconsistent results
from different populations have been reported in regard to the relationship between
the blood MMP levels and the extent of carotid plaque or IMT.[8, 12-14] Total blood
MMP-9 levels were reported to have either positive[14] or negative[8, 13] correlation
with carotid plaque or IMT. Total blood MMP-3 levels bear a positive correlation with
carotid plaque among hyperlipidemia subjects[8], but a negative one in another study
from a small sample of Caucasians.[12] There have no prior reports concerning the
relationship between the blood MMP levels and the extent of carotid atherosclerosis in

Asians.

In the present study, we determined blood levels of active MMPs in relation to
the extent of carotid atherosclerosis based on carotid plaque/plaque-free IMT and the
promoter common polymorphism of MMPs in a population of adults followed in a

community primary stroke prevention program.

1. Materials and Methods

1.1. Study Participants

The study subjects were a community-based adult cohort of 433 subjects, age 30

or older in the coverage area of the Shin Kong Wu Ho-Su Memorial Hospital (SKH).



Subjects with history of stroke, cancer or inflammatory diseases (e.g., arthritis or
infections) were excluded. The characteristics of this study population have been
reported in details earlier.[15] In brief, subjects in the present study were recruited at
SKH in a community primary stroke prevention program sponsored by the
Department of Health and underwent physical examination including Duplex
ultrasonographic examination of the carotid arteries and laboratory tests. This study
was approved by the institutional review board for human subjects at SKH and each

subject provided written informed consent.

1.2. Data Collection

Personal medical history, medication history, family history of diseases, dietary
habits, and smoking status were entered in a structured questionnaire upon enrollment.
Data including blood pressure, height, weight, waist and hip circumferences, total
cholesterol, triglyceride, high-density lipoprotein (HDL) cholesterol, low-density
lipoprotein (LDL) cholesterol, glucose, uric acid, and hs-CRP from fasting blood
samples were collected. Body mass index (body weight (kg)/square height (m?)) and

waist-to-hip ratio were also determined.

Subjects were considered to have hypertension if they were on anti-hypertensive

medications or with an average systolic blood pressure =140 mmHg or diastolic



blood pressure =90 mmHg, to have diabetes if on medications for diabetes or with

fasting glucose =7.0 mmol/L and to be smokers with a history of smoking more than

100 cigarettes based on a simplified definition from CDC, USA.

1.3. Carotid Ultrasonography

A SONOS 5500 ultrasound system (Philips, USA), equipped with a 3 to 11-MHz

real-time B-mode scanner and a 3.6-MHz pulsed-Doppler mode scanner was used. All

scans were videotaped for off-line analysis. The plaque scoring method has been

reported previously.[4] In brief, carotid artery segments, including the proximal

common carotid artery (>10 mm proximal to the bulb bifurcation), distal common

carotid artery, bulb, internal carotid artery, and external carotid artery were measured

bilaterally by the sonographer who was blinded to subjects’ health status, risk factors

and laboratory results. The presence of plaques was defined as localized echo

structures encroaching into arterial lumen of at least 50% of the surrounding IMT

value.[16] Plaque score (PS) was rated as grade 0 for normal or without plaque, 1

point for one small plaque with diameter stenosis <30%, 2 points for one medium

plaque with 30% to 49% diameter stenosis or multiple small plaques, 3 points for one

large plaque with 50% to 99% diameter stenosis or multiple plaques with >1 medium

plaques, and 4 points for 100% occlusion.[2, 4] This is mainly for the quantification

of the extent of carotid atherosclerosis rather than for the selection of patients for



intervention. PS were computed by summation of the points from the 10 carotid artery

segments. Reproducibility of carotid plaque scoring was reflected by the agreement

among raters with a Kappa value of 0.619. The study subjects were separated into 3

groups based on PS: group 1 (PS=0), group 2 (PS=1 to 2) and group 3 (PS=3).[4]

Carotid plaque-free IMT at the far wall of both left and right CCA located 0 to

10 mm proximal to the carotid bifurcation were quantitatively determined as the

distance from the leading edge of the first echogenic line (lumen-intima interface) to

the leading edge of the second line (media-adventitia interface) based on a

semiautomated edge-detection algorithm (Q-lab 4, Philips Medical System).[17] A

region of interest (10 mm in length) was placed perpendicular to the vessel wall. The

arithmetic average of these measurements was taken as the carotid IMT. The IMT

value for each person was the mean of IMT from right and left CCA. The correlation

coefficients of duplicate reading from a single reader were 0.95 to 0.96, and the

interobserver correlation coefficients were 0.86 to 0.9 for both sides of CCA IMT

measurements. The study subjects were separated into 3 groups based on tertiles of

IMT.

1.4. Enzyme-linked Immunosorbent Assay

The plasma levels of active MMP-3 and the serum levels of active MMP-1 and

MMP-9 were measured with commercially available assay kits (Activity Biotrak,



Amersham, Little Chalfont, Bucks, UK) using enzyme-linked immunosorbent assay

(ELISA). The plasma levels of total MMP-3 were measured with commercially

available ELISA kits (Quantikine, R&D Systems, Abingdon, UK). The assay was

performed by a researcher who was blind to the clinical data. Samples were handled

in identical and blinded fashion throughout the study. Samples were analyzed in

duplicate and in random order in order to reduce systemic biases and interassay

variations. The average interassay coefficients of variation were 12.7 % for active

MMP-1, 12.3% for active MMP-3, 12.6 % for active MMP-9 and 8% for total

MMP-3.

1.5. DNA Extraction and Determination of Genotypes

DNA was extracted from the bufty coat using the salting-out method.

Genotyping was carried out by polymerase chain reaction (PCR) and restriction

fragment length polymorphism method (RFLP). The primers and restriction enzymes

of MMP-1 -1607 1G/2G[18], MMP-3 -1612 5A/6A[19], and MMP-9 -1562C/T[20]

were adapted from previous studies. Sequence validation and duplicate genotyping

from 5% to 10% of blinded samples were done. The concordance rate was 100%. In

addition, all three polymorphisms were in Hardy-Weinberg disequilibrium.

1.6. Statistical Analyses
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Continuous data were expressed as mean + standard deviation and analyzed by

Student’s t test and general linear model. Categorical data were characterized by

percentage and were compared by Cochran-Armitage trend test. Multiple ordinal

logistic regression analysis was employed to determine potential risk factors in 3

groups based on carotid plaque scores in Model 1 and tertiles of IMT in Model 2.

Statistical analysis was carried out using SAS Version 9.1 software (SAS Institute,

Cary, NC, USA). Statistical significance was set at P < 0.05.

2. Results

A total of 433 study subjects were divided into 3 groups based on PS: group 1

(PS=0, n=238), group 2 (PS=1 to 2, n=136) and group 3 (PS =3, n=59) or on tertiles

of IMT: T1 (=0.64mm, n=146), T2 (0.64 to 0.74mm, n=139) and T3 (>0.74mm,

n=147). Effects of age, gender, smoking, diabetes, obesity, hypertension, total

cholesterol, LDL and triglyceride were statistically significant on PS and IMT (Table

1). A significant trend defined by the Cochran-Armitage trend test was observed

between blood levels of active MMP-3 or total MMP-3 and PS or IMT, respectively.

Table 2 presents those factors that are significantly associated with risk of higher

carotid plaque scores and thicker IMT by the multiple ordinal logistic regression

model after adjustment for potential covariates, including age, gender, hypertension,

11



diabetes mellitus, cigarette smoking , hypercholesterolemia (=5.18 mmol/L),
hypertriglyceridemia (=2.26 mmol/L), BMI (=27 Kg/m®), and blood active MMP-3
level. Age (OR=2.0, p<0.0001), hypertension (OR=2.2, p=0.0005), and blood active
MMP-3 level (OR=1.4, p=0.0038) were independently associated with increased risk
of higher PS. Age, male, hypertension, hypercholesterolemia and
hypertriglyceridemia were independently related with increased risk of higher IMT
values. We also replaced the blood levels of active MMP-3 with total MMP-3 and
reanalyzed the multiple ordinal logistic regression model after adjustment for the
same potential covariates. Age (OR=2.2, p<0.0001) and hypertension (OR=2.0,
p=0.0019), but not blood total MMP-3 level (OR=1.1, p=0.279), were independently

associated with increased risk of higher carotid plaque score (data not shown).

The MMP-1 -1607 1G/2G or MMP-9 -1562 C/T polymorphisms were not
correlated with PS (data not shown). The genotypes of MMP-3 -1612 5A/6A
polymorphism are illustrated in Table 3. Approximately 90% of the study population
carries the MMP-3 -1612 6A6A genotype. MMP-3 -1612 6A6A genotype is
associated with higher levels of blood active MMP-3 (P for trend=0.0012) and total

MMP-3 (P for trend=0.0505).

Since there is a positive correlation between carotid PS and blood active MMP-3

level and the 6A-allele was associated with an increase in blood levels of active

12



MMP-3, the combination of PS and MMP-3 5A/6A polymorphism in relation to blood

levels of active MMP-3 was therefore examined as shown in Figure 1. For subjects

with the 6A6A genotype, the blood active MMP-3 levels were higher in those with

carotid plaque (7.4+4.6 ng/ml) than without carotid plaque (5.5+3.4 ng/ml) (p<0.001).

For subjects with the SASA or SA6A genotypes, the blood active MMP-3 levels were

5.3+2.2 and 3.342.1 ng/ml for subjects with carotid plaque and without carotid plaque,

respectively (p<0.01). The highest mean blood active MMP-3 concentrations (7.44+4.6

ng/ml) were noted in subjects carrying the MMP-3 -1612 6 A6A genotype with carotid

plaque while the lowest (3.34£2.1 ng/ml) were in subjects carrying either the MMP-3

-1612 SAS5A or 5A6A genotype without carotid plaque.

A question can be raised about the validity in categorizing PS into 3 groups as

presented above. To ascertain that such a PS-based classification is not an artifact, we

also applied dichotic division of the subjects into 2 groups: with (PS> 0, n=238) and

without plaque (PS=0, n=195). Results based on the simpler categorization of carotid

atherosclerosis are essentially similar to the findings described above based on the

3-group classification (data not shown).

3. Discussion
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Two major findings in this study are as follows: (1) A dose-response relationship

was found between the blood active and total MMP-3 levels and the severity of

carotid atherosclerosis based on PS and (2) the MMP-3 -1612 6A6A genotype found

in nearly 90% of our study subjects is associated with higher blood active and total

MMP-3 levels. The highest mean blood active MMP-3 levels were noted in subjects

carrying the MMP-3 -1612 6 A6A genotype with carotid plaque. To the best of our

knowledge, this is the first study to demonstrate a dose-response relationship between

blood levels of active and total MMP3 and the extent of carotid atherosclerosis.

Carotid plaques and plaque-free IMT are two different phenotypes, which may

have common and distinct determinants.[4, 16] Our studies found age, hypertension

and MMP-3 play significant roles in carotid plaque (later stage of atherosclerosis)

formation. Our studies support a significant impact of age, male, hypertention,

hypercholesterolemia and hypertriglyceridemia, but not MMP-3, on plaque-free IMT

(an early predictor of atherosclerosis). Hypercholesterolemia, male and

hypertriglyceridemia are not associated with carotid plaque formation in our study,

which is in agreement with the previous studies in Taiwan.[4] Though the odds ratio

is only 1.4 (p=0.0038) for blood active MMP-3 level, the impact of blood active

MMP-3 level on PS is only next to age and hypertension and is even more significant

than other traditional vascular risk factors such as diabetes mellitus, smoking and

14



hypercholesterolemia, while hs-CRP, MMP-1 or MMP-9 showed no significant

impact.

Increased expression of MMP-1, -3, -9 at the protein level has been shown in

advanced carotid plaques.[9] Technical limitations restrict clinical studies to measure

the content of MMPs in carotid plaques. Results from the present study suggest that

blood levels of active MMP-3, but not MMP-1 or MMP-9, bear a significant

relationship with the extent of carotid atherosclerosis based on PS. Rauramaa et al.

found no association between blood total MMP-3 and carotid IMT.[12] We elected to

place our primary focus on the active MMPs than the total MMPs. Total MMPs are

composed of pro-MMPs, active MMPs and MMPs bound to proteins including tissue

inhibitors of metalloproteinases and may not accurately reflect the levels of active

MMPs. Active MMPs may be better indicators of ongoing vascular remodeling

activities than the total MMPs. Though our results show a positive correlation

between active MMP-3 and total MMP-3 (1=0.768, p<0.0001), after adjusting

potential covariates by a multiple ordinal logistic regression analysis, only blood

levels of active MMP-3 (OR, 1.4; 95% CI, 1.1 to 1.8; p=0.0038) and, not total

MMP-3, are correlated with carotid plaque scores.

Total blood MMP-3 and hs-CRP levels were both positively associated with the

presence of carotid plaques in asymptomatic hyperlipidemic subjects.[8] However,

15



hypercholesterolemia itself can explain high serum levels of total MMPs.[21] The

results relating both total MMP-3 and hs-CRP levels positively to carotid plaques

were restricted to cases with hypercholesterolemia.[8] Hs-CRP concentrations fail to

discriminate between the presence and absence of significant carotid

atherosclerosis.[22] We found blood levels of active MMP-3, but not hs-CRP,

correlated well with carotid atherosclerosis.

MMP-3 has been considered to be important in determining the composition and

turnover of the fibrous cap to promote atherosclerosis progression.[23] The present

study provides a novel finding that blood levels of active MMP-3 positively correlate

with the increment of PS.

The common 5A/6A polymorphism in the promoter region of the MMP-3 gene,

located 1612 base pair upstream of the transcription starting site has been shown in

vitro[24] and in vivo[25] to affect the level of gene expression. The MMP-3 -1612

6A6A genotype shows an association with carotid plaques or IMT in 4 Caucasian

studies with 6A6A genotype frequency ranging from 31 to 48%.[11, 12, 26, 27] It is

note worthy that the frequency of the MMP-3 -1612 6 A6A genotype (89%) in this

study population is substantially higher than that reported in Caucasians. The

5A-allele is rare in Asians [28], while the 5A- and 6A-alleles are evenly distributed in

Caucasians.[11] It is probably because of such a high frequency of the MMP-3 -1612

16



6A6A genotype in this population, its impact on phenotype, namely carotid

atherosclerosis, is not apparent.

Though in vitro assays of promoter activity revealed that the SA allele had 2-fold

higher promoter activity than the 6A allele,[29] MMP-3 -1612 6A6A genotype in our

study population on the contrary is associated with higher levels of blood active

MMP-3 (P for trend=0.0012) and total MMP-3 (P for trend=0.0505). Samnegard et al.

also found that the 6A-allele was associated with a graded increase in blood levels of

total MMP-3 from patients with myocardial infarction and stable coronary artery

disease.[23] A similar finding was noted in patients with rheumatoid arthritis.[30]

Blood MMP-3 is speculated to be secreted from many types of cells that distribute

throughout the body.[12] The reason for the discrepancy between in vitro study and

the present in vivo results are not clear. Further studies are needed.

The clinical importance of serum biomarkers reflecting these inflammatory

processes may distinguish unstable from stable carotid artery stenosis. Selected

biomarkers such as blood active MMP-3 may be potentially useful in future selection

of patients who may benefit from carotid interventions. Our finding that blood active

MMP-3 is a more sensitive marker than hs-CRP may be an initial step toward the

delineation of a biomarker profile for predicting unstable carotid artery stenosis

beyond carotid ultrasound.
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Romero et al found that the relation of circulating MMP-9 was stronger with

more severe changes of carotid atherosclerosis.[14] However, Olson et al found that

MMP-9 concentration and activity in plasma did not reflect the severity of carotid

artery atherosclerosis.[13] The present study also showed no correlation of active

MMP-9 with the severity of carotid atherosclerosis. The possible explanations of a

negative impact of active MMP-9 are: (1) circulating tissue inhibitors of

metalloproteinases such as TIMP-1, that were not measured, may preferentially

suppress active MMP-9 and (2) possible ethnic difference. Further studies are needed

to prove or disprove these 2 possibilities.

In conclusion, the present study shows that blood active MMP-3, but not MMP-1,

MMP-9 or hs-CRP, is associated with carotid atherosclerosis in a community

population enrolled in a primary stroke prevention program. The level of blood active

MMP-3 bears a dose-response relation with the extent of carotid atherosclerosis based

on PS. The increased blood active MMP-3 can partly be influenced by the MMP-3

-1612 6A6A homozygous genotype, which is found in nearly 90% of this study

population. Blood active MMP-3 may be a useful marker to predict carotid plaques in

Taiwan.
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Table 1 Characteristics of study subjects

Carotid Plaque Score

Tertiles of Carotid IMT (mm)

0 1-2 =3 T1(=0.64) T2 T3(>0.74)
Variables N=238 N=136 N=59 P for trend N=146 N=139 N=147 P for trend
Age, years 53.7+10.7 58.8+8.1 67.3£9.0 <0.0001 50.0+9.8 58.0+9.2 63.5+8.6 <0.0001
Males, % 37.0 56.6 62.7 <0.0001 37.7 44.6 57.1 0.0008
Systolic blood pressure, mmHg 120.9£18.2  130.0£19.0  138.84+20.6 <0.0001 115.5+16.2 126.8+18.6 136.0+18.8 <0.0001
Diastolic blood pressure, mmHg 77.1£11.0 82.3+11.3 82.1+12.6 <0.0001 74.7£10.5 79.8+10.9 83.5+11.2 <0.0001
Body mass index, kg/m” 23.843.1 24.7£3.0 24.943.2 0.0033 23.243.1 24.4+3.0 25.1£2.9 <0.0001
Waist-to-hip ratio, cm 0.83+0.07 0.86+0.06 0.88+0.06 <0.0001 0.82+0.07 0.85+0.07 0.87+0.06 <0.0001
Hypertension, % 26.5 45.6 71.2 <0.0001 17.1 37.4 60.5 <0.0001
Diabetes mellitus, % 8.0 11.8 25.4 0.0037 7.5 8.6 18.4 0.0037
Cigarette smoking, % 14.3 27.2 37.3 <0.0001 19.2 17.3 27.9 0.0692
Cholesterol, mmol/L 5.1£0.9 5.3+0.9 5.4+0.9 0.0114 5.0+0.9 5.3£0.9 5.4+0.9 0.0002
LDL, mmol/L 3.2+0.8 3.4+0.8 3.4+0.7 0.0038 3.1+0.8 3.3+0.8 3.4+0.7 0.0008
HDL, mmol/L 1.3+0.4 1.3+0.3 1.2+0.4 0.0537 1.3+0.4 1.3+0.3 1.24+0.4 0.0452
Triglyceride, mmol/L 1.3+0.8 1.4+0.8 1.941.6 0.0008 1.24+0.7 1.4+0.8 1.741.3 <0.0001
Uric acid, mmol/L 288.9+82.7  310.8£75.0  316.1£93.6 0.0117 286.3+84.7 295.3+72.7 315.24+85.5 0.0084
Fasting glucose, mmol/L 5.5£0.9 5.9+1.7 5.9+1.0 0.0099 5.4+0.7 5.6£1.0 6.0+1.7 0.0004
Hs-CRP, mg/L 2.3+3.6 2.0+2.0 2.54+3.8 0.4485 2.1+3.1 2.1+3.2 2.6+3.3 0.3501
Active MMP-1, ng/ml 9.6+4.0 9.5+3.8 8.8+£3.5 0.3505 9.6+4.2 9.4+3.8 9.4+3.6 0.8687
Active MMP-3, ng/ml 5.243.3 6.6+3.9 8.5£5.4 <0.0001 5.243.2 6.0+3.9 7.1+4.4 0.0002
Total MMP-3, ng/ml 9.3+7.0 11.0+7.8 16.1+15.6 <0.0001 9.246.9 9.746.1 12.2+10.4 0.0035
Active MMP-9, ng/ml 4.7+2.3 5.1+2.3 4.6+2.1 0.1768 4.5+2.1 4.8+2.4 5.1+£2.2 0.1215

IMT: carotid intima-media thickness; T: tertile; LDL: low-density lipoprotein; HDL: high-density lipoprotein; hs-CRP: high sensitivity

C-reactive protein; MMP: matrix metalloproteinases.
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Table 2 Multiple ordinal logistic regression: risk factors associated with carotid plaque

score and plaque-free IMT after adjustment for covariates

Model | Model 11

OR  95%CI  p-value OR  95%CI  p-value
Age (per SD increase) 2.0 1.6-2.5 <0.0001 28 2.2-3.6 <0.0001
Male 1.2 0.7-2.0 0.5813 1.7 1.0-2.8  0.0490
Hypertension 22 1.4-35 0.0005 23 1.5-3.,5  0.0002
Diabetic mellitus 1.5 0.8-2.8 0.1828 1.5 0.8-2.7 0.6788
Cigarette smoking 1.5 09-2.6 0.1355 0.8 0.5-1.4 0.5033
Cholesterol =5.18 mmol/L 14 09-22 0.0912 1.7 1.1-2.,5 0.0148
Triglyceride =2.26 mmol/L 1.1 0.6-2.0 0.7103 24 1344 0.0062
BMI =27 Kg/m’ 1.2 0.7-2.0 0.5754 1.2 0.7-2.0 0.5953
Blood Active MMP-3 1.4 1.1-1.8  0.0038 1.0 0.8-1.3  0.7945

(per SD increase)

SD: standard deviation,;
Model I: Dependent variable was defined as three groups according to plaque score

=0,1to2,and =3;

Model II: Dependent variable was defined as three groups according to the tertiles of

IMT.
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Table 3 Correlation between carotid plaque scores, blood active MMP-3 levels, blood

total MMP-3 levels and MMP-3 -1612 5SA/6A genotypes

Variable Carotid plaque score, Active MMP-3  Total MMP-3
n (%) level, ng/ml level, ng/ml
0 1-2 >3 mean (SD) mean (SD)
MMP-3 Gene
5AS5A (n=2) 1(0.4) 1(0.8) 0 2.3(0.5) 5.8(1.5)
SA6A (n=44) 27(11.6)  12(9.0) 5(8.6) 4.2(2.4) 7.7(4.7)
6A6A (n=378)  204(87.9) 121(90.3) 53(91.4) 6.4(4.1) 10.9(9.0)
P=0.8484 P for trend P for trend
=0.0012 =0.0505

MMP-3: matrix metalloproteinases-3; SD: standard deviation
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Figure Legends
Figure 1 Blood active MMP-3 levels between subjects with or without carotid plaque

based on different genotypes.
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