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Abstract 

Background and aims: Large artery stiffness and endothelial dysfunction are the predominant 
characteristic of isolated systolic hypertension. Recently studies have revealed MMP1, 3, 9 and 
TIMP3 Genes polymorphism were associated with arterial stiffness, but the relationship with 
isolated systolic hypertension were not further studied. This study was to investigate the associ-
ations of MMP1,3,9 and TIMP3 Genes polymorphism with isolated systolic hypertension. 
Methods: We identified the genotype of the genes in 503 patients with isolated systolic hyper-
tension, 481 essential hypertension patients with elevated diastolic blood pressure and 244 
age-matched normotensive controls for 5 SNPs and detected the brachial–ankle pulse wave ve-
locity, flow-mediated dilatation, endothelin-1 and nitric oxide among the participants. Results: 
Multinomial logistic analyses showed that the 5A allele of rs3025058(5A/6A) in MMP3 and the T 
allele of rs3918242(C-1562T) in MMP9 were significantly associated with isolated systolic hy-
pertension after adjusted by age, triglyceride, low-density lipoprotein (P<0.001, Pcorr<0.003; 
P=0.009, Pcorr=0.027). The 5A/G/C and 6A/A/T haplotypes were significantly associated with 
isolated systolic hypertension (Permutation p=0.0258; Permutation p=0.000002). In addition, the 
brachial–ankle pulse wave velocity of different genotypes for the 5A/6A and C-1562T polymor-
phisms was significantly highest in 5A or T homozygotes (P<0.01), however, the flow-mediated 
dilatation and nitric oxide were markedly lowest in 5A or T homozygotes (P<0.01). Conclusion: 
MMP3 and MMP9 genes variant seem to contribute to the development of isolated systolic hy-
pertension by affecting arterial stiffness and endothelial function. 

Key words: artery stiffness, endothelial function, gene, isolated systolic hypertension, polymor-
phism. 

Introduction 
Isolated systolic hypertension is characterized by 

increased large artery stiffness and endothelial dys-
function. The factors that cause arterial stiffening and 
endothelial dysfunction are likely to be involved in 
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the development of ISH(1). Large artery stiffness is 
influenced by the relative amounts of structural pro-
teins (particularly elastin and collagens) and by 
smooth muscle tone(2). The matrix metalloproteinases 
(MMP), a family of zinc-dependent enzymes with 
proteolytic activity against connective tissue proteins 
such as collagens, proteoglycans and elastin(3), In-
creased expression and activity of MMP have been 
identified in the change of relative amounts of struc-
tural proteins and vascular remodeling (4,5), whilst the 
activity of MMP is also influenced by TIMP (tissue 
inhibitors of MMP) which inhibit active MMP(6). And 
also, there is a "functional" regulation of conduit ar-
tery stiffness by smooth muscle tone, which is influ-
enced by circulating and endothelium-derived vaso-
active mediators, including NO and endothelin-1(7). 

Because of their major significance in vascular 
remodeling, some studies have demonstrated that 
MMP gene polymorphism are associated with artery 
stiffness and high blood pressure(8,9). MMP-3 plays a 
pivotal role in matrix homeostasis in the large arteries. 
studies of the levels of MMPs-3 mRNA and protein in 
ex-vivo tissues including vascular tissues from indi-
viduals of different genotypes for the 5A/6A poly-
morphism(rs3025058) showed that the levels were 
highest in 5A homozygotes, intermediate in hetero-
zygotes and lowest in 6A homozygotes(10), further-
more, the individuals with 5A allele homozygotes 
have greater large artery stiffness and higher blood 
pressure compared with 5A/6A heterozygotes and 
6A homozygotes(9). In agreement, plasma concentra-
tions and different genotypes for –1562 C>T poly-
morphism(rs3918242) of MMP9 were not only associ-
ated with pathogenesis of coronary disease and 
prognosis of patients with cardiovascular disease(11,12), 
but also, T-1562 allele carriers had significantly 
greater aortic stiffness and higher brachial systolic 
and pulse pressure as well as carotid systolic and 
pulse pressure(13). Yasmin et al. had demonstrated that 
MMP9 levels was related to aortic stiffness, not only 
in ISH patients(14), but also in younger and healthy 
individuals(8). Furtherly, studies have revealed that 
MMP9 polymorphism(–1562 C>T) seemed to play a 
key role in the early stages of hypertensive vascular 
remodeling and the process of large artery stiffen-
ing(15, 16). Recently, Armstrong C et al. had revealed 
that MMP9 R279Q(rs17576) was associated with in-
ternal carotid artery bulb IMT, and MMP1 
A-519G(rs494379), TIMP3 T-1296C(rs5749511) were 
significantly associated with hypertension and artery 
stiffness(17). As a result, MMP-1, MMP-3, MMP-9 and 
TIMP-3 Genes may be considered as functional can-
didate genes for ISH. 

Pulse wave velocity (PWV) is a known marker of 

arterial stiffness and defined as the speed in which the 
pulse wave travels along the length of an artery(18). 
Endothelial function, defined as flow mediated dila-
tation (FMD), is estimated as the percentage increase 
in vessel diameter from baseline conditions to maxi-
mum vessel diameter during hyperemia and used as a 
measure of endothelium-dependent vasodilatation(19). 
Clinical investigation have demonstrated the presence 
of impaired endothelium-dependent vasodilation in 
patients with hypertension and the flow-mediated 
dilatation correlated inversely with PWV(1). Nitric 
oxide(NO) and endothelin-1(ET-1) were the major 
endothelium-derived relaxing and contracting factors 
to regulate endothelium-dependent vasodilation, and 
involved in the pathogenesis of artery stiffness and 
hypertension(20,21). 

We hypothesized that MMP-1, MMP-3, MMP-9 
and TIMP-3 Genes polymorphism would be involved 
in the development of ISH by affecting baPWV, FMD, 
ET-1 or NO. The aim of this study was to test these 
hypotheses in a group of subjects with ISH, EH sub-
jects (no ISH) and age-matched normotensive control 
subjects. 

Materials and Methods 
Overall, 1228 unrelated subjects were recruited 

from three cities (Guangzhou, Zhanjiang of the 
Guangdong province, Urumqi of Xinjiang Uygur 
Autonomous Region) from January 2008 to December 
2011. They were divided into 3 distinct groups: 503 
patients with ISH (mean age: 65.7±15.3 years; range:58 
to 77 years), 481EH(no ISH) subjects (mean age: 
64.1±14.2 years; range:55 to 79 years), and 244 
aged-matched NT( normotension control) subjects 
(mean age: 64.1±14.3 years; range: 57 to 75 years). ISH 
was defined as SBP≥140 mm Hg and DBP <90 mm 
Hg, EH as SBP≥140 mmHg and DBP ≥90 mmHg while 
controls as SBP <140 mmHg and DBP<90 mmHg as 
stated by the 2007 ESH/ESC Guidelines for the man-
agement of arterial hypertension(22). All subjects with 
a clinical history of secondary hypertension, coronary 
heart disease and diabetes were excluded from this 
study. Ethical approval for conducting the present 
study was granted by the local bioethical committee 
and informed consent was obtained from each par-
ticipant beforehand. All of them were detected for 
baPWV, FMD, ET-1 and NO. 

Blood Pressure Measurement 
 Blood pressure was measured after 10 minutes 

of rest in a sitting position. Systolic blood pressure 
(SBP) and diastolic blood pressure (DBP) values were 
calculated as the means of three consecutive physi-
cian-obtained measurements. 
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Biochemical analysis 
Serum concentrations of glucose, triglycerides, 

total cholesterol, LDL-cholesterol, HDL-cholesterol 
and creatinine were measured using the methods 
from the Department of Clinical Laboratory in Nan-
fang Hospital, in affiliation with Southern Medical 
University. Plasma concentrations of MMP1, MMP3, 
MMP9, TIMP and ET-1 were measured by ELISA in 
cardiology lab of Nanfang Hospital. The plasma NO 
concentration was measured with spectrophotometry 
using R&D Systems’ Total Nitric Oxide Assay kit, 
catalogue number DE 1600. The measurements of 
plasma NO concentration were made by using trans-
formation of NO into nitrate (III) and nitrate 
(V)catalyzed by nitrate reductase. The total trans-
formed nitrate (III) was then detected spectrophoto-
metrically using the Griess reaction. 

Measurement of Arterial Stiffness  
Arterial stiffness were determined by brachi-

al-ankle pulse wave velocity (baPWV). The baPWV 
was measured with individuals in a supine position, 
after at least 5 minutes of rest using an automatic de-
vice (form PWV/ABI; Colin, Komaki Japan). Briefly, 
pressure waveforms of the brachial and tibial arteries 
were simultaneously recorded by placing occlusion 
cuffs connected to a plethysmographic sensor around 
the brachia and ankles. The time delay (T) of the two 
waveforms between both feet was measured. The 
lengths of the paths from the suprasternal notch to the 
brachium (Lb) and from the suprasternal notch to the 
ankle (La) were automatically calculated according to 
the height of each individual. The values of baPWV 
(right brachial to right ankle) were calculated for 
measurements made for an average time lag of 10s. 

Measurement of Conduit Vessel Endothelial 
Function 

Endothelial function was determined by re-
cording the diameter changes in the brachial artery in 
response to increased blood flow generated during 
reactive hyperemia (FMD), which were measured by 
high-resolution ultrasound. After the patient rested 30 
minutes in a supine position in a quiet, 
air-conditioned room, ultrasound evaluation was 
done with a 7.0 MHz linear-array ultrasound probe 
(Accuson 128XP/10, Accuson) by a single dedicated 
physician. Scans of the brachial artery were obtained 
≈5cm proximal from the elbow in the longitudinal 
section in the right arm, and the probe was main-
tained in a fixed position at a fixed angle during the 
evaluation. Arterial flow was determined with a 
pulsed-Doppler signal at the beginning, 10 to 15 se-
conds after cuff release, and at the end of the study. 

Increased blood flow was induced by a blood pres-
sure cuff placed around the forearm, with a 5-minute 
inflation at 50mm Hg above the subject’s systolic 
blood pressure, followed by rapid deflation. Baseline 
images before cuff inflation and then for 2 minutes 
after cuff deflation were recorded. Reactive hypere-
mia was calculated as the maximal percentage change 
in flow from baseline. 

Genotyping 
In this study, we chose 5 SNPs (MMP1 rs494379 

(A-519G), MMP3 rs3025058 (5A/6A), MMP9 rs17576 
(R279Q), MMP9 rs3918242 (C–1562T), TIMP3 
rs5749511 (T-1296C)) according to the literature, may 
be functional in arterial stiffness 

Genomic DNA was extracted from peripheral 
blood leukocytes using a commercial blood DNA Ex-
tract kit (Genomic DNA purification kit; TaKaRa Bio-
technology (Japan), Ltd.) and was stored at -20°C until 
use for genotype testing. All 5 SNPs were genotyped 
using the polymerase chain reaction (PCR)/ligase 
detection reaction (LDR) assay(23). Primers were syn-
thesized from Shanghai Sangon Biological Engineer-
ing Technology & Services Co. Ltd. Each set of LDR 
probes was comprised of one common probe and two 
discriminating probes for the two types (Supplemen-
tary Material: Table S1) 

The target DNA sequences were amplified using 
a multiplex PCR method. PCR reactions for each sub-
ject were carried out in a final volume of 10μl con-
taining 1×PCR reaction buffer, 3.0 mMol/L MgCl2, 
2.0 mMol/L of dNTPs, 0.4 μl of primers, 0.2 μl of Qi-
agen hotstar Taq polymerase (QIANGEN China Co. 
Ltd.), 4μl of 1×Q-solution and 10-20ng of genomic 
DNA. Thermal cycling was performed for rs494379, 
rs5749511and rs3025058 in Gene Amp PCR system 
9600 (Perkin Elmer, USA) with an initial denaturation 
of 15 min at 95°C, followed by 35 cycles of denatura-
tion at 94°C for 30s, annealing at 56°C for 1 min, and 
extension at 72°C for 1 min, followed by a final exten-
sion at 72°C for 7 min. Next, the protocol for rs17576 
and rs3918242 amplification consisted of an initial 
denaturation of 15 min at 95°C, followed by 35 cycles 
of denaturation at 94°C for 30s, annealing at 59°C for 1 
min, and extension at 72°C for 1 min, followed by a 
final extension at 72 °C for 7 min.  

The ligation reaction for each subject was carried 
out in a final volume of 10μl containing 1×NEB Taq 
DNA ligase buffer, 12.5 pmol of each probe mix, 0.05 
μl of Taq DNA ligase (NEB Biotechnology (USA), 
Ltd.) and 1μl of Multi–PCR product. A total of 35 cy-
cles for LDR was performed using 35 cycles at 95°C 
for 2 min, 94°C for 30s and 60°C for 2 min. The fluo-
rescent products of LDR were differentiated by ABI 
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sequencer 377 (ABI, USA). 

Statistical analysis 
Values were expressed as the mean±SD. All sta-

tistical analyses were conducted using SPSS software 
version 13.0 (SPSS, Chicago, IL). Tests for Har-
dy–Weinberg equilibrium were conducted using 
chi-square test. Differences in baseline characteristics 
among the three groups and the differences of 
baPWV, FMD, ET-1 and NO in different genotypes for 
gene polymorphisms (which were significantly asso-
ciated with ISH) were assessed by one-way ANOVA. 
Associations between genotypes and hypertensive 
category were calculated by multinomial logistic re-
gression analyses that included genotypes (ma-
jor/heterozygous/minor), age, TG and LDL as co-
variates. Since we assessed the associations of 5 pol-
ymorphisms with hypertension in three groups, we 
adopted the Bonferroni correction for multiple testing. 
Statistical power calculations were performed using 
SamplePower (SPSS Inc). Haplotype analysis was 
performed with SNPAlyze7.0 (Dynacom) 

Results  
 The baseline characteristics of the three groups 

are shown in Table1. The age, SBP, DBP, TG, LDL in 
ISH and EH groups are significantly higher than those 
in NT group. The baPWV, and ET-1 in ISH patients 
were significantly higher compared with EH patients 
and NT controls (P<0.01, Pcorr<0.05), however, the 
FMD and NO in ISH patients and EH patients were 

markedly lower than NT controls (P<0.01, Pcorr<0.05), 
although FMD and NO in ISH patients were not sig-
nificantly different with EH patients. There were no 
other significant differences in the baseline de-
mographics. 

The associations between ISH and MMP-1, 
MMP-3, MMP-9 and TIMP-3 Genes Polymorphism 
are shown in Table 2. We compared allele frequencies 
of the 5 SNPs among ISH patients, EH patients and 
NT controls, the 5A allele of SNP rs3025058(5A/6A) in 
MMP3 gene was significantly associated with ISH 
because 26.6% of ISH patients carried 5A allele com-
pared with 17.9% of the EH patients (OR, 1.67; 95%CI, 
1.34-2.07; P<0.001, Pcorr<0.003) and 10.5% of NT con-
trols (OR, 3.11; 95%CI, 2.28-4.25; P=0.013, 
Pcorr=0.039). The results of logistic analyses also 
showed that the 5A allele of SNP rs3025058 was sig-
nificantly associated with ISH after adjusted by age, 
TG and LDL(P<0.001, Pcorr<0.003). And also, the T 
allele of SNP rs3918242(C-1562T) in MMP9 gene was 
markedly associated with ISH with 25.1% of T allele 
carriers in ISH patients versus 18.1% of carriers in EH 
patients(OR, 1.67; 95%CI, 1.34-2.07; P=0.002, 
Pcorr=0.006) and 15.0% of carriers in NT controls(OR, 
1.90; 95%CI, 1.43-2.52; P=0.001, Pcorr=0.003), the lo-
gistic analyses revealed that T allele of SNP rs3918242 
was significantly associated with ISH even after ad-
justed by age, TG and LDL(P=0.009, Pcorr=0.027). The 
other three SNPs in MMP1, MMP9 and TIMP3 were 
not significantly associated with ISH (P>0.05). 

 

Table 1. Characteristics of Study Participants. 

 NT EH ISH F value P value 
Subjects 244 481 503   
Age(years) 64.11±15.59 64.08±14.16 65.77±15.32* 4.77 0.009 
SBP(mmHg) 121.11±7.17 167.84±13.58*  165.87±13.47* 1303.87 0.000 
DBP(mmHg) 71.71±6.73# 99.63±8.31# 80.12±6.12# 1521.77 0.000 
Pulse(beats/min) 74.51±8.22 74.25±7.93 74.18±8.12 0.14 0.869 
SG(umol/L) 5.76±1.67 5.94±2.96 5.96±1.79 0.64 0.528 
TG(mg/dL) 1.28±0.76 1.37±0.89 1.45±1.23* 3.44 0.032 
Scr(mg/dl) 0.67±0.06 0.67±0.06 0.67±0.06 0.99 0.372 
TC(mg/dl) 5.37±1.37 5.18±1.38 5.22±1.26 1.73 0.178 
LDL (mg/dl) 3.08±0.97 2.95±0.98 3.11±0.95* 3.57 0.028 
HDL (mg/dl) 1.78±1.16 1.71±0.76 1.72±1.02 0.63 0.53 
baPWV(cm/s) 980.94±109.75# 1523.78±103.75# 1791.97±56.01# 6854.66 0.000 
FMD(%) 14.02±12.17# 10.78±10.7# 7.86±7.24# 367.87 0.000 
ET-1(pg/ml) 4.99±0.97# 13.01±4.17# 23.13±2.42# 3150.12 0.000 
NO(umol/L) 43.75±21.16# 14.56±5.21# 6.22±1.08# 810.59 0.000 
Values are expressed as mean values ± s.d.NT, normotension; EH, essential hypertension excluding isolated systolic hypertension ; ISH, isolated systolic hypertension; baPWV, brachi-
al–ankle pulse wave velocity; SBP, systolic blood pressure; DBP, diastolic blood pressure; LDL, low-density lipoprotein; HDL, high-density; FMD, flow mediated dilatation; ET-1, endo-
thelin-1; NO, nitric oxide. # P<0.001 between each other, *P<0.001 vs NT 
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Table 2. SNP Genotype and Allele Frequencies in Patients With EH, ISH and NT Controls. 

  NT EH ISH NT vs EH NT vs ISH EH vs ISH 
Subjects  244 481 503 χ2 P, OR, 95% 

CI 
P Pcorr χ2 P, OR, 95% 

CI 
P Pcorr χ2 P, OR, 95% 

CI 
P Pcorr 

refSNP ID Genotype             
MMP1 AA 63(25.8%) 123(25.6%) 110(21.8%)          
rs494379 AG 87(35.7%) 171(35.6%) 202(40.1%)          
A-519G GG 94(38.5%) 187(38.8%) 192(38.1%) 0.995 0.922 >0.05 0.372 0.562 >0.05 0.243 0.416 >0.05 
 Allele             
 A 213(43.6%) 417(43.3%) 422(41.9%)          
 G 275(56.4%) 545(56.7%) 584(58.1%) 0.913, 1.01, 

0.81-1.26 
  0.533, 1.07, 

0.86-1.33 
  0.531, 1.06, 

0.88-1.26 
  

MMP3 5A5A 15(6.1%) 39(8.1%) 81(16.1%)          
rs3025058 5A/6A 21(8.6%) 94(19.5%) 106(21.1%)          
5A/6A 6A6A 208(85.3%) 348(72.4%) 316(62.8%) 0.000 0.000 <0.003 0.013 0.000 <0.003 0.000 0.000 <0.003 
 Allele             
 5A 51(10.5%) 172(17.9%) 268(26.6%)          
 6A 437(89.5%) 790(82.1%) 738(73.4%) 0.000,1.86, 

1.34-2.59 
  0.000, 3.11, 

2.28-4.25 
  0.000, 1.67, 

1.34-2.07 
  

TIMP3 CC 10(4.1%) 28(5.8%) 20(4.0%)          
rs5749511 CT 11(4.5%) 22(4.6%) 21(4.2%)          
T-1296C TT 223(91.4%) 431(89.6%) 462(91.8%) 0.614 0.507 >0.05 0.974 0.836 >0.05 0.378 0.119 0.357 
 Allele             
 C 31(6.4%) 78(8.1%) 61(6.1%)          
 T 457(93.6%) 884(91.9%) 945(93.9%) 0.231, 1.30, 

0.84-2.00 
  0.827,0.95, 

0.60-1.48 
  0.077, 0.73, 

0.51-1.03 
  

MMP9 AA 22(9.0%) 40(8.3%) 71(14.1%)          
rs17576 AG 47(19.3%) 88(18.3%) 100(19.9%)          
R279Q GG 175(71.7%) 353(73.4%) 332(66.0%) 0.889 0.653 >0.05 0.119 0.040 0.12 0.008 0.002 0.006 
 Allele             
 A 91(18.6%) 216(22.5%) 242(24.1%)          
 G 397(81.4%) 746(77.5%) 764(75.9%) 0.094, 1.26, 

0.96-1.66 
  0.02, 1.38, 

1.05-1.81 
  0.400, 1.09, 

0.88-1.34 
  

MMP9 TT 14(5.8%) 54(11.2%) 75(14.9%)          
rs3918242 CT 45(18.4%) 66(13.7%) 102(20.3%)          
C–1562 T CC 185(75.8%) 361(75.1%) 326(64.8%) 0.022 0.031 0.093 0.001 0.009 0.027 0.002 0.000 <0.001 
 Allele             
 T 73(15.0%) 174(18.1%) 252(25.1%)          
 C 415(85.0%) 788(81.9%) 754(74.9%) 0.134, 1.25, 

0.93-1.69 
  0.000, 1.90, 

1.43-2.52 
  0.000, 1.51, 

1.21-1.87 
  

NT, normotension; EH, essential hypertension; ISH, isolated systolic hypertension; χ2 P-value, chi-square. P-value; OR, Odds Ratio. P values were calculated by logistic analyses that 
included genotype (major/heterozygous/minor), and age as covariates. Pcorr indicates P-value after Bonferroni correction.The statistical power was calculated by the latter model: ※

statistical power>0.60; *statistical power >0.70; †statistical power>0.80; #statistical power>0.90. 
 
 
With the SNP rs3025058 in MMP3 and the SNP 

rs3918242 in MMP9 significantly associated with ISH, 
and the SNP rs17576 in MMP9 high Odds Ratios to 
ISH(OR=1.38), the three SNPs were combined to con-
struct haplotypes, The haplotype-based associations 
were tested with a 1000000 iterated permutation test. 
Five major haplotype (each frequency >5%) were ob-
served in ISH patients (Table 3). A global haplotype 
comparison showed significant differences among 
NT, EH and ISH groups (NT vs ISH, Permutation 
p=0.00484; EH vs ISH, Permutation p<0.001). The 
5A/G/C and 6A/A/T haplotypes were more preva-
lent in ISH patients compared with EH patients and 

NT controls (NT vs ISH, Permutation P=0.0258; EH vs 
ISH, Permutation P=0.4821; NT vs ISH, Permutation 
P=0.000002; EH vs ISH, Permutation P<0.001)  

 The baPWV of different genotypes for the 
5A/6A and C-1562T polymorphisms were signifi-
cantly highest in 5A or T homozygotes, intermediate 
in heterozygotes and lowest in 6A or C homozygotes 
(P<0.01, Pcorr<0.05).By contrast, the FMD and NO were 
markedly lowest in 5A or T homozygotes, intermedi-
ate in heterozygotes and highest in 6A or C homozy-
gotes (P<0.01, Pcorr<0.05), however, there were no 
difference for ET-1 in different genotype of 5A/6A 
and C-1562T polymorphisms (Table 4).  
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Table 3. Associations Study with Haplotypes Consisting of Pairwise Combination of 3SNPs among NT, EH and ISH Pa-
tients. 

Haplo-
type 

MMP3 
5A/6A 

MMP9 
R279Q 

MMP9 
C-1562T 

Frequency NT vs ISH NT vs EH EH vs ISH 
NT 
(n=243) 

ISH 
(n=503) 

EH 
(n=479) 

χ2 p-value Permutation 
p-value 

χ2 p-value Permutation 
p-value 

χ2 p-value Permuta-
tion p-value 

1 6A G C 0.7652 0.6271 0.6908 0.64 0.482 0.496 0.99 0.3181 0.3963 0.39 0.6658 0.6937 
2 6A A C 0.1472 0.1036 0.1214 6.02 0.0142 0.0527 1.90 0.1677 0.2423 1.51 0.2193 0.3248 
3 6A G T 0.1106 0.0977 0.0895 0.59 0.4392 0.5365 1.65 0.1989 0.2708 0.41 0.5229 0.6064 
4 5A G C 0.0689 0.1122 0.1046 6.97 8.2762E-3 0.0258 10.61 1.126E-3 5.592E-3 0.68 0.4063 0.4821 
5 6A A T 0.0197 0.1091 0.0191 35.73 2.257E-9 2.0E-6 0.06 0.9374 0.9504 65.54 5.684E-16 0.000 
Global  55.39 

(df=7) 
5.416E-4 4.842E-3 15.76 

(df=7) 
0.0274 0.15 75.31 

(df=7) 
1.236E-13 0.000 

Permutation p-value generated 1000000 iterations. 

 

Table 4. Demographic Characteristics of Patients According to rs3025058 (5A/6A) and rs3918242(-1562C/T) Genotypes. 

refSNP ID Genotype Subjects baPWV(cm/s) FMD(%) ET-1(pg/ml) NO(ng/ml) 
rs3025058 5A/5A 135 1929.81±259.04* 5.84±2.94* 15.64±6.93 4.96±1.41* 
 5A/6A 231 1551.68±218.37* 9.65±2.69* 16.63±6.37 7.97±2.29* 
 6A/6A 862 1038.10±167.04* 13.18±7.07* 15.35±7.92 9.65±4.92* 
 F-value  15.26 15.19 0.658 15.19 
 P-value  0.000 0.000 0.518 0.000 
rs3918242 T/T 143 2137.11±277.41* 5.76±3.85* 17.56±4.65 5.04±1.34* 
 C/T 213 1540.44±168.49* 9.48±2.89* 16.42±6.09 7.81±2.24* 
 C/C 872 927.64±159.62* 13.30±3.05* 15.18±8.13 9.73±4.95* 
 F-value  32.05 16.23 1.67 16.68 
 P-value  0.000 0.000 0.190 0.000 

Values are expressed as mean values ± s.d. baPWV, brachial–ankle pulse wave velocity; FMD, flow mediated dilatation; ET-1, endothelin-1; NO, nitric oxide. *P<0.05 between each other. 

 
 

Discussion 
 The principle findings of this study were that 

rs3025058(5A/6A) in MMP3 and rs3918242(C-1562T) 
in MMP9 were significantly associated with Isolated 
Systolic Hypertension, In addition, rs3025058 and 
rs3918242 were markedly associated with artery 
stiffness and endothelial function, furthermore, the 
baPWV in 5A or T homozygotes carriers were signif-
icantly higher compared with heterozygotes and 6A 
or C homozygotes carriers, adversely, the FMD and 
NO in 5A or T homozygotes carriers were markedly 
lowest, however, the ET-1 were not associated with 
the SNPs. 

The matrix metalloproteinase (MMP) family 
consists of over 20 secreted or cell surface enzymes 
that are capable of degrading extracellular matrix 
proteins. High expression of MMP and destruction of 
matrix homeostasis in vascular and cardiac tissues 
have been implicated in the pathogenesis of several 
cardiovascular conditions including atherosclerosis, 
aneurysms, artery stiffness and elevated blood pres-
sure(24).MMP-3 plays a pivotal role in matrix homeo-
stasis in the large arteries, In vitro and in vivo ex-

periments have revealed that 5A/6A polymorphism 
of the MMP3 promoter appears to play an important 
role in regulating MMP3 gene and protein expression, 
and the 6A allele has a lower promoter activity than 
the 5A allele(5,25) Furtherly, Medley et al. reported that 
in elderly people (age≥61 years), aortic stiffness was 
greater in 5A allele homozygotes compared with het-
erozygotes and 6A allele homozygotes(10), Subjects of 
the 5A/5A genotype were found to have higher ele-
vated blood pressure than subjects of the 5A/6A or 
6A/6A genotype, and this association remained sig-
nificant after adjusting for classic cardiovascular risk 
factors(9). It is speculated that increased blood pressure 
in individuals of the 5A/5A genotype may be related 

to increased blood vessel stiffening. The present study 
showed that 5A allele of SNP rs3025058 (5A/6A) was 
significantly associated with ISH even adjusted by 
age, TG and LDL, moreover, the baPWV was signifi-
cantly higher in 5A homozygotes and heterozygotes 
compared with 6A homozygotes. The FMD was iden-
tified as the endothelium-dependent vasodilation 
function(24), NO, as an endothelial vasodilator, its de-
ficiency has been implicated in the pathogenesis of 
endothelial dysfunction and hypertension(21,26,27). ET-1 
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was a powerful endothelial vasoconstrictor, some 
findings suggest that endothelin-1 could also poten-
tially be involved in the development of endothelial 
dysfunction and essential hypertension(26,27). In this 
study, it demonstrated that the FMD and NO in 5A 
homozygotes and heterozygotes were markedly low-
er than in 6A homozygotes. Therefore, it can be spec-
ulated that the association of 5A allele with ISH might 
be related to increased artery stiffness and endothelial 
dysfunction.  

 In agreement, MMP9 were significantly associ-
ated with coronary artery disease and artery stiffness 
(24). Medley TL,et al. showed that coronary artery dis-
ease patients who carried the T-1562 allele had sig-
nificantly greater aortic stiffness, In addition, T-1562 
allele carriers had higher brachial systolic and pulse 
pressure as well as carotid systolic and pulse pres-
sure(13). Some studies demonstrated that MMP9 
mRNA levels, MMP9 protein levels, and MMP9 ac-
tivity were higher in T-1562 allele carriers than in 
non-carriers in aortic tissues(28,29).The study of the as-
sociation of MM9 gene with arterial stiffness in 
healthy individuals has demonstrated that aortic 
PWV, serum MMP9, and elastases were higher in 
carriers of the rare alleles for the –1562C>T 
(rs3918242)and R279Q(rs17576) polymorphisms, and 
suggests that the genetic variation in this protein may 
be involved in the process of large artery stiffening(14), 
in particular, Yasmin et al(8). reported that aortic 
stiffness is related to MMP9, not only in ISH, but also 
in healthy individuals and hypothesized that MMP9 
might be involved in the process of arterial stiffening 
and development of ISH. Although it has been re-
ported that MMP9 polymorphisms were significantly 
associated with artery stiffness and the serum MMP9 
were higher in ISH patients and healthy individuals 
with higher aortic PWV, but whether the –1562C>T 
(rs3918242) and R279Q(rs17576) polymorphisms are 
associated with ISH and artery stiffness in ISH pa-
tients are unclear. In the current datas, we demon-
strated that T-1562 allele was not only significantly 
associated with ISH, but also the baPWV was signifi-
cantly higher in T homozygotes and heterozygotes 
compared with that in C homozygotes, additionally, 
the FMD and NO were remarkably lower in T ho-
mozygotes and heterozygotes than in C homozygotes. 
So, it is indicated that T-1562 allele might play a part 
role in the development of ISH not only by increasing 
artery stiffness but also by weakening endotheli-
al-dependent function. Unfortunately, even though 
R279Q(rs17576) polymorphisms showed high Odds 
Ratios to ISH, we didn’t find the association of 
R279Q(rs17576) polymorphisms with ISH, and artery 
stiffness or endothelial dysfunction in this study. 

Haplotype-based analysis demonstrated that the 
5A/C/C and 6A/T/T haplotypes which contained 
the 5A allele in rs3025058 and T allele in rs3918242 
were more prevalent in ISH patients compared with 
EH patients and NT controls, which might be en-
hanced the power of association of 5A allele and T 
allele with ISH. 

Although recently studies revealed that 
MMP1A-519G(rs494379), TIMP3 T-1296C(rs5749511) 
were significantly associated with hypertension and 
artery stiffness(24,30,31). Unfortunately, the current 
study did not showed rs494379 and rs5749511 were 
markedly associated with ISH, artery stiffness or en-
dothelial dysfunction.  

Artery stiffness and endothelial dysfunction are 
the main cause of ISH, all the factors which promoted 
artery stiffness and endothelial dysfunction might be 
involved in the development of ISH. In this study, We 
have demonstrated that the baPWV, ET-1 in ISH pa-
tients were significantly higher compared with EH 
patients and NT controls, as described in our last 
study previously(32), studies have reported that artery 
stiffness was reversely correlated with endothelial 
function in ISH patients, in the present study, we also 
found that FMD and NO in ISH patients and EH pa-
tients were markedly lower than NT controls, alt-
hough those in ISH patients were not significantly 
different with EH patients, and suggested that artery 
stiffness and endothelial function might be affected 
each other. 

In conclusion, the present results indicated that 
rs3025058(5A/6A) and rs3918242(C-1562T) were sig-
nificantly associated with ISH. Also, rs3025058 and 
rs3918242 were independently associated with 
baPWV, FMD and NO, implying that rs3025058 and 
rs3918242 were markedly associated with artery 
stiffness as well as endothelial dysfunction. It is sug-
gested that they might be play a part role in the de-
velopment of ISH by affecting large artery stiffness 
and endothelial function.  

Perspectives  
 Although we have shown for the first time that 

rs3025058 and rs3918242 were significantly associated 
with ISH, it is necessary to confirm these associations 
in gene knockout animals model, on the other hand, 
due to relatively low number of SNPs in MMP were 
studied in this contribution, future studies may re-
quire more MMP SNPs to confirm the association of 
MMP polymorphism with ISH. 
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Table S1.  http://www.medsci.org/v10p0840s1.pdf 
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