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Abstract Matrix metalloproteinase (MMP) and tissue inhibitors of metalloproteinase (TIMP)
have a significant role in tissue remodeling related to cardiac function. In earlier studies,
MMP-7 A-181G (rs11568818), C-153T (rs11568819), C-115T (rs17886546), and TIMP-2 G-418C
(rs8179090) polymorphisms have been studied in various diseases. However, association be-
tween coronary artery disease (CAD) and these polymorphisms has been poorly studied. The
goal of this study is to investigate the association of CAD and myocardial infarction (MI) with
MMP-7 or TIMP-2 polymorphisms. This study included 122 CAD patients and 132 control individ-
uals. DNA was extracted from whole blood. Polymerase chain reaction-restriction fragment
length polymorphism and automated direct sequencing method were used for genotyping of
these polymorphisms. No significant differences were found between MMP-7 A-181G, C-
115T, and TIMP-2 G-418C polymorphism and CAD or MI in a Turkish population. Despite the fact
that the genotypes of MMP-7 C-153T polymorphism had no significant differences among MI and
control groups, allele frequencies of C-153T polymorphism were significantly different be-
tween the two groups. Our study is the first report to clarify the appreciable relationship
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between MMP-7 C-153T polymorphism and MI development in CAD patients. However, these
findings also need to be confirmed in other populations so we can improve our knowledge about
the genetic factors affecting the development of CAD.
Copyright ª 2017, Kaohsiung Medical University. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/
by-nc-nd/4.0/).
Introduction

Atherosclerosis is the major cause of coronary artery disease
(CAD) with stable and unstable periods, and myocardial
infarction (MI) can develop in patients throughout the un-
stable periods in the vascular wall [1]. CAD accounts for more
than 80% of sudden cardiac deaths, and the remaining 20% of
deaths are caused by other diseases such as cardiomyopa-
thies, left ventricular hypertrophy, and longQTsyndrome [2].

According to earlier studies, alteration of the myocardial
extracellular matrix (ECM) contributes to the progressive
remodeling process [3]. ECM components may cause
fragility of the plaque in addition to generation of athero-
sclerotic and restenotic lesions. Among ECM components,
matrix metalloproteinases (MMPs) have a substantial role in
initiating acute coronary syndrome [4]. MMPs are a signifi-
cant family of metal-dependent enzymes and are respon-
sible for ECM degradation [5]. MMP-7 (PUMP-1, matrilysin,
E.C.3.4.24.23), an important member of the MMP family, is
a protease with wide substrate specificity comprising
fibronectin, elastin, type IV collagen, and proteoglycans
[6e8]. Whereas active-MMP-7 is 19 kDa, Pro-MMP-7 is 28 kDa
[9]. COOH-terminal hemopexin-like domain is not found in
MMP-7 [10]. During the acute phase after MI, in particular,
it might affect left ventricular remodeling [9]. In addition,
it has been proposed that elevation of MMP-7 activity can
play a substantial role in CAD [10].

The family of tissue inhibitors of metalloproteinase
(TIMP) inhibits the proteolytic activity of MMPs, and it is
composed of four members: TIMP-1, TIMP-2, TIMP-3, and
TIMP-4 [11]. TIMP-1 potentially blocks the activity of most
MMPs including MMP-7, MMP-9, but not MMP-2. However,
TIMP-2 is a potent inhibitor of numerous MMPs, excluding
MMP-9 as well. TIMP-3 binds MMP-1, MMP-2, MMP-3, MMP-9,
and MMP-13, whereas TIMP-4 binds MMP-1, MMP-3, MMP-7,
and MMP-9 [4]. Because balance between MMP and TIMP is
important, alteration of the ECM compositions can
contribute to alteration of myocardial structure or geom-
etry [12]. Altered balance in the MMPeTIMP interaction has
been shown to play a significant role in the development of
many diseases, including tissue remodeling after cardiac
infarction, arthritis, periodontitis, and pulmonary emphy-
sema [13,14]. TIMP-2 expression increases cardiac fibro-
blast collagen synthesis. Additionally, TIMPs and MMPs
pursue a spatiotemporal pattern during myocardium
repairing after MI [15]. Earlier, a single nucleotide poly-
morphism (SNP) in promoter region of TIMP-2 gene at po-
sition 418 has been identified by Hirano et al [16]. This
alteration (G-418C, rs8179090), positioned in the consensus
sequence of Sp1 binding region, can influence transcrip-
tional activity [12,14,17]. We hypothesized that TIMP-2
polymorphism might influence CAD, because balance be-
tween MMP and TIMP level is important in CAD.
According to a growing body of evidence, MMP gene
polymorphisms in their promoters may have brought about
variable MMP expressions in distinct individuals [6]. Of the
polymorphisms in MMP genes, MMP7 gene polymorphisms
are associated with CAD, acute MI, multiple sclerosis,
rheumatoid arthritis, and cancers as other MMP genes such
as MMP-9 and MMP-2 [6,18]. The MMP-7 gene is localized on
chromosome 11q21eq22 and consists of two functional SNP
in the promoter region. A-181G (rs11568818) and C-153T
(rs11568819) polymorphisms, which are known to modulate
the gene expression by affecting the interaction of nuclear
binding proteins, have been shown to exert allele-specific
effects on the activity of the their own promoters
[7,18,19]. Moreover, the combination of e181G allele with
e153T allele leads to higher gene expression [20].

The purpose of our study was to compare the distribu-
tion of MMP-7 A-181G (rs11568818), C-153T(rs11568819), C-
115T (rs17886546), and TIMP-2 G-418C (rs8179090) poly-
morphisms in patients with CAD or MI and control in-
dividuals in the Turkish population.
Materials and methods

Study participants

Angiographically characterized 122 CAD patients and 132
controls were included in this study. All CAD patients had
�50% stenosis in at least one coronary vessel. All samples
were obtained from patients and controls admitted to Gazi
University (Ankara, Turkey). Existence or absence of an MI
history was described by integrating the clinical history
data, after a medical records analysis including the typical
MI sequelae, enzyme changes, and electrocardiogram on
ventricular angiography. While collecting control samples,
individuals with a history and clinical or instrumental proof
of atherosclerosis in peripheral arteries were excluded
from the study group. The controls had undergone coronary
angiography following noninvasive cardiac examination
because of atypical chest pain. Negligible coronary artery
stenosis was left out in this study. All volunteers were from
the Turkish population. All patients and controls were
interviewed, and records on hypercholestrolemia, hyper-
tension, diabetes mellitus, smoking habits, and family his-
tory of CAD were collected. According to the guidelines of
the Gazi University of Ethics Committee, informed consent
was obtained from all patients and controls. If the blood
pressure of patients and controls exceeded 140/90 mmHg
or they were given antihypertensive medication, they were
described as hypertensive. Meanwhile, diabetes mellitus
was diagnosed if the participants had a history of antidia-
betic drug treatment, a previous diagnosis, or fasting
glucose levels higher than 126 mg/dL. The patients were

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


80 E. Alp et al.
evaluated to be hypercholesterolemic if their low-density
lipoprotein levels were higher than 130 mg/dL.

Analysis of MMP-7 and TIMP-2 polymorphisms

Heliosis DNA extraction kit (Metis Biotechnology, Ankara,
Turkey) was used for DNA extraction from whole blood
samples according to the manufacturer’s instructions.

DNA amplification was performed in a 50-mL reaction
mixture including 200mM of each dNTP, 200mM (NH4)2SO4,
75mM TriseHCl (pH 8.8), Tween-20 (0.1%), 1 unit Taq DNA
polymerase (Fermentas, Vilnius, Lithuania), various con-
centrations of MgCl2, DMSO, and 50 pmol of primers for
each polymorphism (Table 1). A previously published for-
ward and reverse primer pair was used for the amplification
of DNA region containing TIMP-2 polymorphic site [21].
Forward and reverse primer pairs for three polymorphisms
of MMP-7 were newly designed by our group (Table 1). The
polymerase chain reaction (PCR) cycle was fulfilled in a
thermal cycler (Eppendorf, Hamburg, Germany). The PCR
procedure was as follows: 94�C at 5 minutes following 30
cycles of 45 seconds for 94�C, 30 seconds for 55e65�C
(Table 1), 1 minute for 72�C, and 5 minutes final extension
for 72�C. In order to perform genotyping of TIMP-2 G-418C
polymorphism, PCR products (254 bp) were digested over-
night at 37�C with 10 units of AvaI restriction enzyme (MBI,
Fermentas, Vilnius, Lithuania) and then analyzed by 4%
agarose gel electrophoresis. Gels were visualized and
recorded via a Kodak Gel Logic 100 Imaging System (Kodak
Co., Rochester, NY, USA).

To confirm the restriction fragment length polymorphism
results for TIMP-2 polymorphism on randomly selected
samples and determine the MMP-7 polymorphisms on all
samples, nucleotide sequencing was performed via forward
primers using ABI Prism 310 Genetic Analyzer (Applied
Biosystems Divisions, Foster City, CA, USA). Spin PCRapid
Kit (Invitek, Berlin, Germany) was used for purification of
PCR products to analyze MMP-7 polymorphisms. Automated
DNA sequencing was performed using the BigDye Termi-
nator Cycle Sequencing Kit (Applied Biosystems) according
to the manufacturer’s guidelines.

Statistical analysis

SPSS Statistical Package (version 15.0) for Windows (SPSS
Inc., Chicago, IL, United States) was used for statistical
Table 1 Oligonucleotide primers, restriction endonucleases, c
sequencing.

Polymorphism SNP ID Primer sequence

MMP-7 e181 A/G rs11568818 F: 50-tgtcctgaatgatacctatgagag-30

R: 50-tactcagtggataaaggtgtaagct-30MMP-7 e153 C/T rs11568819
MMP-7 e115 C/T rs17886546
TIMP-2 e418 G/C rs 8179090 F: 50-cgtctcttgttggctggtca-30

R: 50-ccttcagctcgactctggag-30

Amplifications of e181 A/G, e153 C/T, and e115 C/T polymorphisms w
the same PCR conditions.
ATZ annealing temperature; DMSOZ dimethyl sulfoxide; MC Z Mg
triction endonuclease; RFLPZ restriction fragment length polymorph
analysis. Genotype distribution of all polymorphism was
calculated for deviation from the HardyeWeinberg equilib-
rium (HWE) by using Chi-square (c2) tests (1 degree of
freedom). Fisher’s exact test (when expected values were
less than 5) or c2 test was used to compare the allele and
genotype frequencies in patients and controls. In order to
estimate the relative CAD risk, crude odds ratios (ORs) was
calculated with their 95% confidence intervals (CIs). Asso-
ciations were confirmed by binary logistic regression anal-
ysis with backward LR logistic regression method. SNPStats
was used to estimate MMP-2 haplotype frequencies [22]. A p
value of <0.05 was considered statistically significant. The
statistical power was calculated using the software QUANTO
1.2 (website: http://biostats.usc.edu/software) [23].

Results

The baseline parameters of CAD patients and controls are
demonstrated in Table 2. Our results have shown statisti-
cally significant variation between CAD with or without MI
(CAD þ MI) and control groups with regard to all de-
mographic and clinical characteristics, but not diabetes
mellitus and smoking habits. When compared to the control
group, statistically appreciable variation in smoking habits,
family history, hypertension, and hypercholesterolemia
were observed in the CAD group. Moreover, statistically
significant discrepancies were also determined in CAD with
MI patients in terms of sex and smoking habit when
compared to controls (Table 2).

The study had a power of >80 for MMP-7 A-181G poly-
morphisms (95% power, OR Z 2.0; mode of inheritance:
log-additive). Other power values were <50 for MMP-7 C-
153T and TIMP-2 G-418C polymorphisms as a result of hav-
ing a very rare allele. In the cases and controls, the geno-
type frequencies of MMP-7 A-181G, C-153T and TIMP-2 G-
418C polymorphisms did not diverge from the HWE (for
cases, c2 Z 0.02, 0.05, and 0.03, respectively; for controls,
c2 Z 1.71, 0.87, and 0.05, respectively; p > 0.05). The
HWE of MMP-7 C-115T polymorphism was not calculated in
cases and control individuals carrying only the CC genotype.

In CAD þ MI and control volunteers, the genotype and
allele distribution of the MMP-7 A-181G, C-153T, and TIMP-2
G-418C polymorphisms are indicated in Table 3. Our results
showed that AA and CC genotypes were frequently
observed in cases and controls when comparing the geno-
type dispersion of the A-181G, C-153T polymorphisms,
onditions used in PCR amplifıcations, RFLP fragments, and

AT/MC/DMSO PCR product RE RFLP fragments

65�C/1mM 247 bp d d

62�C/2.5mM/3% 304 bp AvaI GZ 230, 51, and 23 bp
CZ 253 and 51 bp

ere performed with a common forward and reverse primers under

Cl2 concentration; PCRZ polymerase chain reaction; RE Z res-
ism; SNPZ single nucleotide polymorphism.

http://biostats.usc.edu/software


Table 2 Baseline characteristics of the patient with CAD/MI and control individuals.

Variable CAD þ MI CAD MI

Patients (122) Control (132) p Patients (84) Control (132) p Patients (38) Control (132) p

Age (y) 60.53 � 11.3 57.56 � 10.7 0.034 60.40 � 10.8 57.56 � 10.7 0.062 60.81 � 12.4 57.56 � 10.7 0.116
Sex

(Male/female) 78/44 60/72 0.003 46/38 60/72 0.182 32/6 60/72 0.0001

Smoking habits
(Smokers/
nonsmokers)

56/66 54/78 0.422 30/54 54/78 0.445 26/12 54/78 0.003

Hypercholesterolemia
(with/without) 74/48 55/77 0.002 55/29 55/77 0.001 19/19 55/77 0.361

Hypertension
(with/without) 77/45 57/75 0.001 54/30 57/75 0.002 23/15 57/75 0.059

Diabetes mellitus
(with/without) 34/88 30/102 0.346 24/60 30/102 0.334 10/28 30/102 0.646

Family history
(with/without) 45/77 29/103 0.009 34/50 29/103 0.004 11/27 29/103 0.372

p values <0.05 and <0.001 are shown in bold.
CAD Z coronary artery disease; MIZ myocardial infarction.
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respectively. Based on the results, a significant relationship
between these polymorphisms and CAD was not found
(p > 0.05). As for the C-115T polymorphism, only the CC
genotype was found in patients and controls; therefore,
Table 3 Genotype and allele frequencies of MMP-7 and TIMP-2

Genotypes Controls
(n Z 132)

Cases
(n Z 122)

MMP-7 e181 A/G
AA 48 (36.4%) 37 (30.3%)
AG 57 (43.2%) 61 (50%)
GG 27 (20,4%) 24 (19.7%)
AG þ GGb 84 (63.6%) 85 (69,7%)
Alleles
A 153 (58%) 135 (55.3%)
G 111 (42%) 109 (44.7%)

MMP-7 e153 C/T
CC 118 (89.4%) 101 (82.8%)
CT 13 (9.8%) 18 (14.8%)
TT 1 (0.8%) 3 (2.5%)
CT þ TTc 14 (10.6%) 19 (15.6%)
Alleles
C 249(94.3%) 220 (91.8%)
T 15 (5.7%) 24 (8.2%)

TIMP-2 e418 G/C
GG 130 (98.5%) 118 (96.7%)
GC 2 (1.5%) 4 (3.3%)
CC 0 (0%) 0 (0%)
GC þ CCd 2 (1.5%) 4 (3.3%)
Alleles
G 262 (98.5%) 238 (98.3%)
C 2 (1.5%) 4 (1.7%)

CAD Z coronary artery disease; CI Z confidence interval; MIZ myoc
tio; TIMPZ tissue inhibitors of metalloproteinase.

a Reference genotype/allele.
b Calculations were performed AA versus AG þ GG.
c Calculations were performed CC versus CT þ TT.
d Calculations were performed GG versus GC þ CC.
there were no statistically significant relation among cases
and control (p > 0.05). In addition to MMP-7 polymorphism,
the GG genotype frequency of TIMP-2 G-418C was higher in
both groups, and there were no appreciable discrepancy in
polymorphisms for CAD þ MI patients and controls.

p Value OR (95% CI) p

0.511
1a

1.39 (0.79e2.43) 0.251
1.15 (0.57e2.32) 0.689
1.31 (0.78e2.22) 0.308

0.551
1a

1.11 (0.78e1.58) 0.551
0.255

1a

1.62 (0.76e3.46) 0.213
3.51 (0.36e34.22) 0.341
1.59 (0.76e3.32) 0.219

0.079
1a

1.81 (0.93e3.54) 0.079
0.431

1a

2.22 (0.40e12.36) 0.431
d d

2.22 (0.40e12.36) 0.431
0.434

1a

2.19 (0.40e12.04) 0.434

ardial infarction; MMPZmatrix metalloproteinase; ORZ ods ra-



Table 5 Binary logistic regression model for CAD with or
without MI.

Variables p OR (%95 CI)

MMP-153C/T 0.126 1.92 (0.83e4,44)
Sex (male) 0.001 2.87 (1.64e5,01)
Hypertension (þ) 0.003 2.28 (1.32e3.93)
Family history (þ) 0.049 1.79 (1.10e3.26)
Hypercholesterolemia(þ) 0.019 1.91 (1.11e3.28)

CADZ coronary artery disease; CIZ confidence interval;
MIZmyocardial infarction; MMPZmatrix metalloproteinase;
ORZ odds ratio.
p-Values <0.05 are shown in bold.
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the distribution of genotype and allele frequencies be-
tween CAD þ MI and control groups for TIMP-2 G-418C
polymorphism. There are differences in terms of allele
distribution of MMP-7 or TIMP-2 polymorphisms between
the Turkish population and other racial populations. How-
ever, MMP-7 A-181G and TIMP-2 G-418C allele distributions,
in particular, are similar to the those in the Caucasian
population [24,25]. Other polymorphisms have not been
mostly investigated.

When comparing CAD or MI groups to controls, AA, CC and
GGgenotypeswere frequently observed in CADorMI patients
and controls for the MMP-7 A-181G, C-153T and TIMP-2 G-
418C polymorphisms, respectively (Table 4; data not shown
for CAD without MI). In cases and controls, the genotype and
allele distributions of A-181G and G-418C polymorphisms
were found to be similar. Thus, any significant association
was monitored among the two groups in with regard to these
polymorphisms (p > 0.05) (Table 4, data not shown for CAD
without MI). Although the genotypes of MMP-7 C-153T poly-
morphism had no appreciable discrepancy among MI and
control groups (p > 0.05), the allele frequencies of C-153T
polymorphism were significantly different between the two
groups (p < 0.05) (Table 4). The frequency of e153T allele
was less in controls as compared to MI patients (5.7% vs.
13.2%). Moreover, the OR for T allele was 2.52 (95% CI,
1.08e5.86; pZ 0.028) when comparing to C allele (Table 4).
Table 4 Genotype and allele frequencies of MMP-7 and TIMP-2

Genotypes Controls
(nZ 132)

Cases
(nZ 38)

MMP-7 e181 A/G
AA 48 (36.4%) 14 (36.8%)
AG 57 (43.2%) 16 (42.1%)
GG 27 (20,4%) 8 (21.1%)
AG þ GGb 84 (63.6%) 24 (63.2%)
Alleles
A 153 (58%) 44 (85.3%)
G 111 (42%) 32 (14.7%)

MMP-7 e153 C/T
CC 118 (89.4%) 30 (78.9%)
CT 13 (9.8%) 6 (15.8%)
TT 1 (0.8%) 2 (5.3%)
CT þ TTc 14 (10.6%) 8 (45.2%)
Alleles
C 249 (94.3%) 66 (86.8%)
T 15 (5.7%) 10 (13.2%)

TIMP-2-418 G/C
GG 130 (98.5%) 36 (94.7%)
GC 2 (1.5%) 2 (5.3%)
CC 0 (0%) 0 (0%)
GC þ CCd 2 (1.5%) 2 (5.3%)
Alleles
G 262 (98.5%) 74 (76.2%)
C 2 (1.5%) 2 (23.8%)

p values <0.05 are shown in bold.
CIZ confidence interval; MMPZmatrix metalloproteinase; ORZ od

a Reference genotype/allele.
b Calculations were performed AA versus AG þ GG.
c Calculations were performed CC versus CT þ TT.
d Calculations were performed GG versus GC þ CC.
When it comes to MMP-7 C-115T polymorphism, because all
cases and controls had the CC genotype, we found no sta-
tistically appreciable differences among cases and controls.

When the baseline characteristics of patients and MMP-7
and TIMP-2 genotypes were added as covariates, logistic
regression revealed only sex (OR Z 2.87), hypertension
(OR Z 2.28), family history (OR Z 1.79), and hypercholes-
terolemia (OR Z 1.91) to be the strongest determinants of
CAD (Table 5). MMP-7 and TIMP-2 genotypes were not
identified as risk factors for CAD according to binary logistic
regression analysis. Moreover, the distribution of baseline
polymorphsms for MI patients and controls.

p OR (95% CI) p

0.993
1a

0.96 (0.43e2.17) 0.926
1.02 (0.38e2.73) 0.975
1.12 (0.67e1.85) 0.674

0.957
1a

0.98 (0.46e2.07) 0.957
0.096

1a

1.82 (0.64e5.17) 0.250
7.87 (0.69e89.69) 0.114
2.25 (0.86e5.85) 0.104

0.028

1a

2.52 (1.08e5.86) 0.028

0.179
1a

3.61 (0.49e26.53) 0.216
d d

3.61 (0.49e26.53) 0.216
0.217

1a

3.54 (0.49e25.56) 0.217

ds ratio; TIMPZ tissue inhibitors of metalloproteinase.
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characteristics of all participants according to genotypes is
shown in Table 6. We found that the CT and TT genotypes of
MMP-7 e153 C/T polymorphism were more common in the
female group (p < 0.05). However, there was no significant
difference in the CAD þ MI group in this regard (data not
shown).

MMP-7 haplotype distributions in the CAD þ MI and con-
trol groups are shown in Table 7. In the control groups and
CAD þ MI, only four haplotype combinations were found. As
expected, the most frequent haplotype was the e181A/
e153C/e115C (ACC) haplotype both in patient and control
groups. There were no statistically significant association
among cases and controls in terms of all haplotypes.
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Discussion

In several cardiovascular pathogenesis such as atheroscle-
rosis and heart failure, alteration of MMP expressions in
vascular and cardiac tissue have been suggested to occur in
atherosclerosis, aneurysms, postangioplasty restenosis, and
heart failure [18]. MMPs exist in the macrophages, smooth
muscle cells, atherosclerotic plaque, and endothelial cells
[9,10,26]. Of the MMPs, MMP-7 expression, for example,
increases in macrophages and cardiomyocytes after MI
[9,27]. MMPs contribute to left ventricular remodeling after
MI [9]. In addition, mRNA and protein expression of MMP-7
are increased in abdominal aortic aneurysms [10]. Lindsey
and Zamilpa [15] have indicated that post-MI survival was
improved in null MMP-7 mice. MMPs are endogenously
inhibited by TIMPs, which have different biological re-
sponses. Increase of TIMP expression induces myofibroblast
differentiation and cell proliferation of cardiac fibroblast.
TIMP-2 protein levels show dual peaks at Weeks 2 and 16
after MI but did not change for the 1st week in rats [15].

In the promoter regions of MMP and TIMP genes, SNPs
affect the MMP and TIMP expression at the transcription
level [26]. There is growing evidence that functional SNP in
matrix remodeling genes may play a prominent role for
detecting the susceptibility to atherosclerosis and its clin-
ical manifestations [10]. Various polymorphisms in the MMP
family genes have been described and analyzed in different
studies. TIMP polymorphisms have been also studied
because the activity of MMPs is controlled by TIMPs, and the
balance between MMPs and TIMPs is important in terms of
vascular remodeling [4,28].

SNPs in the MMP-7 gene might have been related to CAD,
but the role of MMP-7 has not been entirely characterized in
cardiovascular disease [18]. Two common polymorphisms
(A-181G and C-153T) were described by Jormsjö et al [10] in
the promoter region of MMP-7 gene. According to the study
of Jormsjö and colleagues [10], both polymorphisms
affected the binding of nuclear proteins and transcriptional
activity of the MMP-7 gene in hypercholesterolemic pa-
tients with CAD. Therefore, the role of MMP-7 in the matrix
remodeling related to CAD was suggested by researchers.
Two MMP-7 polymorphisms have been shown to display
allele-specific effects on the activity of its promoters [18].
In Jormsjö et al’s [10] study, carriers of the e181G or e153T
alleles had smaller reference luminal diameters prior to
percutaneous transluminal coronary angioplasty (PTCA) in
hypercholesterolemic patients. In addition, the e181G/



Table 7 MMP-7 haplotype distributions and their association with CAD þ MI.

Haplotype Controls Cases OR (95% CI) p

Frequency 2n Z 264 Frequency 2n Z 244

ACC 0.5744 152 0.5293 129 1a

GCC 0.3688 98 0.3723 91 1.09 (0.76e1.58) 0.633
GTC 0.0517 13 0.0744 18 1.63 (0.78e3.46) 0.198
ATC 0.0052 1 0.024 6 7.07 (0.84e59.4) 0.054

CADZ coronary artery disease; CI Z confidence interval; MIZ myocardial infarction; MMPZ matrix metalloproteinase; ORZ odds
ratio.

a Reference haplotype.
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e153T haplotype was found to be quite limited in a hy-
percholesterolemic patient with the smallest luminal
diameter (2.50 mm prior to PTCA), and this allelic combi-
nation is associated with the highest transcription activity
in vitro. However, analyses involving much larger cohorts or
further studies have to be performed to elucidate these
effects. In our study, the most frequent haplotype was the
e181A/e153C/e115C (ACC) haplotype. We did not find any
significant relation between cases and control with regard
to all haplotypes. In light of these results, various studies
about MMP-7 polymorphisms have been studied in different
diseases and diverse populations. Panayiotou et al [29]
indicated that MMP-7 e181A allele was related with the
presence of atherosclerotic plaque in carotid and femoral
arteries in middle-aged men. In two earlier studies, no
significant association with MMP-7 A-181G and left ven-
tricular dysfunction (LVD) was found in a North Indian
population [3,30]. Similarly, we did not find any significant
association of susceptibilty to CAD with or without MI and
MMP-7 polymorphisms including A-181G and C-115T. When
it comes to MMP-7 C-115T polymorphism, there were no
statistically significant discrepancy between cases and
controls because only the CC genotype was found in all
groups. However, although no significant discrepancies
among CAD and controls was not observed in terms of the
genotype distribution of the C-153T polymorphism, allele
frequencies of MMP-7 C-153T polymorphism were appre-
ciable different between the MI group and controls.
Therefore, our results suggested that each T-allele of C-
153T polymorphism can be a risk for MI development in CAD
patients with an OR of 2.52. Because of the elevation of
MMP-7 expression in macrophages and cardiomyocytes
after MI [9], e153T allele could have increased transcrip-
tional activity and can be a risk for MI development. How-
ever, further investigation in a large chort is necessary to
clarify the association of MMP-7 C-153T polymorphism with
MI development in CAD patients because of the small
sample size used in this study.

Previously described SNP, named TIMP-2 G-418C, is
located in the consensus sequence of an Sp1 binding region
[17]. Several epidemiological analyses have studied the
relationship between TIMP-2 G-418C polymorphism and
various diseases such as hypertension in patients with MI,
chronic obstructive pulmonary disease (COPD), periodontitis,
and different malignancies, because this variation may
downregulate TIMP-2 expression [14,16,21,31]. However,
association between CAD and G-418C polymorphism has been
poorly studied until now as we look at the literature. In our
study, there were no appreciable discrepancies in the
genotype distribution and allele frequencies of TIMP-2 G-
418C polymorphism betweenCAD þ MI and CADorMI patients
and controls. Thus, we did not show the relation of this
polymorphism on CAD or MI because of the high frequency of
theGGgenotype in cases and control. Similar toour study, the
frequency ofTIMP-2G-418C polymorphism appears to be very
low among Caucasian individuals of the Southeastern region
of Brazil [14]. However, in a Japanese population, this poly-
morphismwas relatedwith the pathogenesis of COPD [16]. By
contrast, TIMP-2 G-418C polymorphism did not contribute
toward the development of COPD in the Egyptian population
[17]. Other studies have noticed that TIMP-2 G-418C poly-
morphism is susceptible to breast and gastric cancer, varicose
vein, hypertensive heart disease, and the magnitude of QT
and QTc dispersion prolongation in an elderly Chinese popu-
lation [12,21,28,32,33]. In addition, Mikołajczyk-Stecyna
et al [34] have indicated that this polymorphism is an inde-
pendent risk factor of abdominal aortic aneurysm in in-
dividuals in a Polish population.

Conclusion

This study is the first report to clarify the appreciable
relationship between MMP-7 C-153T polymorphism and MI
development in CAD patients. The other polymorphisms did
not show any significant discrepancy between cases and
controls in all groups. We would like to emphasize that the
main limitation of our study is the sample size owing to the
exclusion of patients with mild CAD (<50% stenosis in one or
more epicardial vessels). In addition, several participants
were also excluded because of the abnormal clinical char-
acteristics observed in the control group. Therefore,
further investigation in a large chort is necessary to clarify
the both association of MMP-7 C-153T polymorphism with MI
development in CAD patients and MMP-7 and TIMP-2 poly-
morphisms contributing to the development of CAD or MI.
These findings also need further confirmation in other
populations. Besides these polymorphisms, further studies
of different polymorphisms in MMP-7 or TIMP-2 gene and
other MMP family members or TIMP genes would be bene-
ficial to shed light on the relationship between CAD and
MMPs or TIMP gene polymorphisms.
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[10] Jormsjö S, Whatling C, Walter DH, Zeiher AM, Hamsten A,
Eriksson P. Allele-specific regulation ofmatrixmetalloproteinase-
7 promoter activity is associated with coronary artery luminal
dimensions among hypercholesterolemic patients. Arterioscler
Thromb Vasc Biol 2001;21:1834e9.

[11] Peres RC, Line SR. Analysis of MMP-9 and TIMP-2 gene pro-
moter polymorphisms in individuals with hypodontia. Braz
Dent J 2005;16:231e6.

[12] Lin TH, Chiu HC, Lee YT, Su HM, Juo SH, Voon WC, et al. The C-
allele of tissue inhibitor of metalloproteinases 2 is associated
with increased magnitude of QT dispersion prolongation in
elderly Chinesed 4-year follow-up study. Clin Chim Acta 2007;
386:87e93.

[13] Li YY, Feldman AM, Sun Y, McTiernan CF. Differential expres-
sion of tissue inhibitors of metalloproteinases in the failing
human heart. Circulation 1998;98:1728e34.

[14] de Souza AP, Trevilatto PC, Scarel-Caminaga RM, de Brito Jr RB,
Barros SP, Line SR. Analysis of the MMP-9 (C-1562 T) and TIMP-2
(G-418C) gene promoter polymorphisms in patients with
chronic periodontitis. J Clin Periodontol 2005;32:207e11.

[15] Lindsey ML, Zamilpa R. Temporal and spatial expression of
matrix metalloproteinases and tissue inhibitors of metal-
loproteinases following myocardial infarction. Cardiovasc
Ther 2012;30:31e41.

[16] Hirano K, Sakamoto T, Uchida Y, Morishima Y, Masuyama K,
Ishii Y, et al. Tissue inhibitor of metalloproteinases-2 gene
polymorphisms in chronic obstructive pulmonary disease. Eur
Respir J 2001;18:748e52.

[17] Hegab AE, Sakamoto T, Uchida Y, Nomura A, Ishii Y,
Morishima Y, et al. Promoter activity of human tissue inhibitor
of metalloproteinase 2 gene with novel single nucleotide
polymorphisms. Respirology 2005;10:27e30.

[18] Ye S. Influence of matrix metalloproteinase genotype on
cardiovascular disease susceptibility and outcome. Cardiovasc
Res 2006;69:636e45.

[19] Singh H, Jain M, Mittal B. MMP-7 (e181A>G) promoter poly-
morphisms and risk for cervical cancer. Gynecol Oncol 2008;
110:71e5.

[20] Lugli E, Pinti M, Nasi M, Troiano L, Prada N, Mussini C, et al.
MMP-7 promoter polymorphisms do not influence CD4þ re-
covery and changes in plasma viral load during antiretroviral
therapy for HIV-1 infection. Int J Immunogenet 2005;32:
269e71.

[21] Zhou Y, Yu C, Miao X, Tan W, Liang G, Xiong P, et al. Sub-
stantial reduction in risk of breast cancer associated with
genetic polymorphisms in the promoters of the matrix
metalloproteinase-2 and tissue inhibitor of metalloproteinase-
2 genes. Carcinogenesis 2004;25:399e404.

[22] Sole X, Guino E, Valls J, Iniesta R, Moreno V. SNPStats: a web
tool for the analysis of association studies. Bioinformatics
2006;22:928e1929.

[23] Gauderman WJ, Morrison JM. QUANTO 1.1: a computer pro-
gram for power and sample size calculations for genet-
iceepidemiology studies. Available from: http://biostats.usc.
edu/software; 2006.

[24] Wu J, Guan X, Li YT, Bai P, Wu J. Matrix metalloproteinase 7-
181A/G polymorphism is associated with increased cancer risk
among high-quality studies: evidence from a meta-analysis.
Clin Biochem 2013;46:1649e54.

[25] Zhang S, Gao X, Yang J, Ji Z. TIMP-2 G-418C polymorphism and
cancer risk: a meta-analysis. J Cancer Res Ther 2015;11:
308e12.

[26] Volcik KA, Campbell S, Chambless LE, Coresh J, Folsom AR,
Mosley TH, et al. MMP2 genetic variation is associated with
measures of fibrous cap thickness: the Atherosclerosis Risk in
Communities Carotid MRI Study. Atherosclerosis 2010;210:
188e93.

[27] Chiao YA, Zamilpa R, Lopez EF, Dai Q, Escobar GP, Hakala K,
et al. In vivo matrix metalloproteinase-7 substrates identified
in the left ventricle post-myocardial infarction using prote-
omics. J Proteome Res 2010;9:2649e57.

[28] Xu HM, Zhao Y, Zhang XM, Zhu T, Fu WG. Polymorphisms in
MMP-9 and TIMP-2 in Chinese patients with varicose veins. J
Surg Res 2011;168:e143e8.

[29] Panayiotou AG, Griffin MB, Tyllis T, Georgiou N, Bond D,
Humphries SE, et al. Association of genotypes at the matrix
metalloproteinase (MMP)loci with carotid IMT and presence of
carotid and femoral atherosclerotic plaques. Vasc Med 2013;
18:298e306.

[30] Mishra A, Srivastava A, Mittal T, Garg N, Mittal B. Genetic
predisposition to left ventricular dysfunction: a multigenic
and multi-analytical approach. Gene 2014;546:309e17.
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