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Introduction
Previous studies have revealed that tissue inhibitors of
metalloproteinases (TIMPs) play a crucial role in atherosclerosis and plaque disruption (Cheng et al. 2008). The present
study analysed the role of TIMPs gene polymorphisms
in the risk of developing myocardial infarction (MI) in
a cohort of Mexican Mestizo patients. MI patients were
classiﬁed into clinical subgroups according to cardiovascular risk factors. Multiple logistic regression models
were performed to analyse genetic data. Under different
models of heritage, adjusted by age, gender, type 2 diabetes mellitus, and smoking habits, the TIMP2 rs4789932
C allele was associated with decreased risk of hypertension (P = <0.05), TIMP2 rs7501477 T allele was associated with increased risk of hypertension (P = <0.05). The
data suggest that TIMP2 gene polymorphisms are associated with hypertension in Mexican patients with myocardial
infarction.
Coronary artery disease (CAD) and one of its manifestations, MI, is a major cause of death worldwide. Increased
expression of several metalloproteinases (MMPs) has been
observed in diseased human arteries and in association
with arterial morphological changes in experimental models of atherosclerosis (Newby 2005). Studies have shown an
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association between atherosclerosis and overexpression or
underexpression of speciﬁc MMPs and TIMPs (Galis et al.
1994; Noji et al. 2001; Sapienza et al. 2005). TIMPs are
proteins of 21 to 30 kDa and belong to a family of speciﬁc inhibitors that regulate proteolytic activity of all MMPs.
TIMPs are involved in several biological activities including
cell differentiation, growth, migration, invasion, angiogenesis, and apoptosis. Genes located on chromosome 17q25.3,
22q12.3 and 3p25.2 encode TIMP-2, TIMP-3 and TIMP-4,
respectively (Stöhr et al. 1995; Hammani et al. 1996;
Olson et al. 1998). In the last decade, several studies have
focussed on the role of genetic predisposition in the development of many diseases (Dollery et al. 1995; Schaefer
et al. 1996). Several polymorphisms of genes that encode
TIMP molecules have been studied in cardiovascular diseases (Armstrong et al. 2007; Horne et al. 2007). The
results, however, have been inconsistent, with positive and
negative associations (Horne et al. 2007). The aim of the
present study was to establish the role of TIMPs gene
polymorphisms in the risk of developing MI in a wellcharacterized-clinical cohort of Mexican Mestizo patients.
We also investigated the relationship between TIMPs gene
polymorphisms and cardiovascular risk factors such as obesity, hypertension, dyslipidemia and type 2 diabetes mellitus.
The TIMP1 gene was not studied because it is a poor or deﬁcient inhibitor of MMP19 and MMP17. The studied single
nucleotide polymorphisms (SNPs) were selected considering
previous association studies on cardiovascular diseases and
because they have been validated by HapMap Project. On
the other hand, the selected SNPs presented a minor allele

Keywords. TIMPs; myocardial infarction; hypertension; polymorphisms.
Journal of Genetics, Vol. 93, No. 2, August 2014

517

José Manuel Rodríguez-Pérez et al.
frequency (MAF) greater than 5% and are located in the
promoter region.

Material and methods
Patients and controls

The study included 281 Mexican Mestizo patients with
MI (180 with hypertension and 101 without hypertension)
referred to the out patient clinic of the National Institute
of Cardiology Ignacio Chávez. MI was deﬁned by angina
symptoms with ST-segment elevation of 1 mm or more
(or development of a new Q wave) in two or more contiguous electrocardiograph leads and/or thrice the upper
limit of serum creatine phosphokinase (CPK) MB isoenzyme (normal value = 0.6–6.3 ng/mL) in at least one single
sample.
A group of 298 healthy unrelated individuals (159 women
and 139 men), with neither symptoms nor previous diagnosis
of cardiovascular problems and systemic disease was studied
as control group. Calcium score was determined by multidetector computed tomography in all control individuals in
order to detect subclinical atherosclerosis. The values were
zero in these individuals.

Clinical subgroups

For patients and controls that met the inclusion criteria,
anthropometric measures and traditional risk factors were
recorded. Individuals were considered to have diabetes mellitus type 2 if they had been previously diagnosed, if they
were receiving hypoglycemic treatment and/or insulin, or if
they had a fasting glucose level of >120 mg/dL on two or
more occasions. Hypertension (HTA) was deﬁned as systolic blood pressure (BP) ≥ 140 mmHg, diastolic BP ≥
90 mmHg, or the use of at least one class of antihypertensive drugs. Dyslipidemia was deﬁned as total cholesterol
≥ 200 mg/dL and/or low-density lipoprotein cholesterol ≥
130 mg/dL and/or triglycerides ≥ 150 mg/dL. Individuals
were considered to be active smokers if they smoked ﬁve or
more cigarettes a day or had suspended this habit for less
than a year. Individuals were considered to be active alcohol
drinkers if they drank more than 6 g daily. Body mass index
was calculated by a standard formula (weight in kg / height
in m2 ).
All subjects included (patients and controls) in the study
were ethnically matched, and we considered as Mexican
Mestizos only those individuals who had been born in
Mexico for three generations, including their own. A Mexican Mestizo is deﬁned as someone born in Mexico, who is
a descendant of the original autochthonous inhabitants of the
region and of individuals, mainly Spaniards, of Caucasian
and/or African origin, who came to America during the
sixteenth century. The study complies with the Declaration
of Helsinki. The protocol was approved by the institutional
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ethics committee, and informed consent was obtained from
each participant.
DNA extraction

Genomic DNA from whole blood containing EDTA was isolated by standard techniques (Lahiri and Nurnberger 1991).
Genotyping of TIMP2, TIMP3 and TIMP4

TIMP2-T2803C (rs4789932), TIMP2-G4804T (rs7501477),
TIMP3-C109T (rs9619311), and TIMP4-C259T (rs3755724)
SNPs were genotyped using 5 exonuclease TaqMan genotyping assays on an ABI Prism 7900HT Fast Real-Time PCR
system, according to manufacturer’s instructions (Applied
Biosystems, Foster City, USA).
Statistical analysis

Allele and genotype frequencies of the four studied polymorphisms were estimated using direct counting. Hardy–
Weinberg equilibrium (HWE) was calculated for each polymorphism using the chi-squared test. Statistical analysis was
carried out with Stata10.0 for Windows software. If the
exploratory analysis showed that numerical data had a different distribution from normal (Gaussian distribution) (Test
of normality Shapiro Wilk’s P > 0.05), comparison between
the study groups was done with Mann Whitney U-test. Data
are presented as median and, 25 and 75 percentiles. Categorical variables were analysed with chi-squared or Fisher
tests as required and presented as absolute frequencies and
proportions. Statistical signiﬁcance was set at P < 0.05.
Logistic regression analysis was used to test for associations of polymorphisms with MI and cardiovascular risk
factors under inheritance models. Multiple logistic models
were constructed to identify the variables that explain better risk of developing hypertension in MI patients. Models were constructed including one variable at a time, and
ﬁnal models included variables with biological relevance or
with statistical signiﬁcance or both. Confounding bias was
accepted when changes in estimated odds ratios (ORs) were
equal or larger than 10%. When a principal effect model
was reached, effect modiﬁcation was also tested and interaction terms were constructed between the polymorphisms and
age, gender, type II diabetes mellitus and smoking habits; the
terms were included in the model when the signiﬁcance of
the P value was larger or equal to 0.20. Hosmer–Lemeshow
goodness-of-ﬁt test was performed for each multiple logistic model. To address multiple testing, Bonferroni’s correction was used considering six independent test and statistical signiﬁcance was set when P < 0.008. Statistical power to
detect association exceeded 0.80 as estimated with Quanto
software (http://biostats.usc.edu/software). Pairwise linkage
disequilibrium (LD, D , and r2 ) estimations between polymorphisms and haplotype reconstruction were performed
with Haploview 4.1 (Broad Institute of Massachusetts
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Institute of Technology and Harvard University, Cambridge,
USA).
Functional prediction analysis

We predicted the potential effect of TIMP polymorphisms
using bioinformatics tools, including FastSNP (Yuang
et al. 2006), SNP Function Prediction (http://snpinfo.niehs.
nih.gov/snpfunc.htm), Human-transcriptome DataBase for
Alternative Splicing (http://www.h-invitational.jp/h-dbas/),
SplicePort: an Interactive Splice Site Analysis Tool (http://
spliceport.cbcb.umd.edu/) and SNPs3D (http://www.snps3d.
org/).

Results
Characteristic of the study sample

The demographic and clinical characteristics are provided
in table 1. Similar age distribution was observed between
patients and healthy controls; however, as expected, male
gender, body mass index, hypertension, type 2 diabetes mellitus and smoking increased in the patients group. There
were no signiﬁcant differences between patients and healthy

controls regarding dyslipidemia and alcohol consumption.
MI patients were classiﬁed into three clinical subgroups
according to the presence or absence of hypertension, diabetes mellitus and dyslipidemia. The number of MI patients
with hypertension and without hypertension was 101 and
180, respectively.

Allele and genotype frequencies

Observed and expected frequencies of all polymorphic
sites were in Hardy–Weinberg equilibrium. A similar distribution of TIMP2-T2803C (rs4789932), TIMP2-G4804T
(rs7501477), TIMP3-C109T (rs9619311) and TIMP4-C259T
(rs3755724) polymorphisms was observed in MI patients and
healthy controls under all inheritance models adjusted for
age, gender, type 2 diabetes mellitus and smoking habits.
Distribution of TIMP polymorphisms was analysed in MI
patients grouped according to cardiovascular risk factors. We
only detected differences in MI patients with and without
hypertension (table 2).
Under a recessive model adjusted by age, gender, type
2 diabetes mellitus and smoking habits, the rs4789932 C
allele was associated with decreased risk of hypertension in
MI patients (OR = 0.47, 95% CI: 0.24–0.96, P = 0.023).

Table 1. Cardiovascular risk factors in MI patients and healthy controls.

Variable

P25

Age (years)
BMI (kg/m2 )

52
25

Patients (n = 281)
Median
P75
59
27

66
29

P25

Controls (n = 298)
Median
P75

55
25.5

59
28

63
30

P value
NS
< 10−3

Gender
Male
Female

(n(%))
235 (84)
46 (16)

(n(%))
139 (47)
159 (53)

BMI (kg/m2 )
Normal range (18.5–24.9)
Overweight (25–29.9)
Obese (30–34.9)
Morbidly obese (35≥40)

62 (22)
164 (59)
51 (18)
4 (1)

54 (18)
140 (47)
101 (34)
3 (1)

0.001

Hypertension
Yes
No

180 (64)
101 (36)

88 (30)
210 (70)

< 10−3

Dyslipidemia
Yes
No

150 (53)
131 (47)

155 (52)
143 (48)

NS

Type 2 diabetes mellitus
Yes
No

108 (38)
173 (62)

61 (20)
237 (80)

< 10−3

Smoking habits
Yes
No

168 (60)
113 (40)

96 (32)
202 (68)

< 10−3

Use of alcohol
Never use
> 6 g/day use

247(88)
34(12)

261(88)
37(12)

NS

< 10−3

BMI, body mass index
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Table 2. Allele and genotypes distribution of polymorphisms in MI patients with and without hypertension.

TIMP-2
rs4789932
T-2803C
MI with HTA (n = 180)

MI without HTA (n = 101)
TIMP-2
rs7501477
T-4804G
MI with HTA (n = 180)
MI without HTA (n = 101)

TIMP-3
rs9619311
C-109T
MI with HTA (n = 180)
MI without HTA (n = 101)

TIMP-4
rs3755724
C-259T
MI with HTA (n = 180)

MI without HTA (n = 101)

Genotype frequency (%)
C/C
T/C
T/T

Adjusted model
OR (95%CI)
*pC

MAF

Model
Codominant 1
Codominant 2
Dominant
Recessive
Heterozygous advantage
Additive

1.07 (0.56–2.00)
0.51 (0.24–1.06)
0.84 (0.47–1.51)
0.47 (0.24–0.96)
0.70 (0.41–1.17)
0.74 (0.49–1.13)

0.827
0.070
0.569
0.023
0.167
0.160

Codominant 1
Codominant 2
Dominant
Recessive
Heterozygous advantage
Additive

3.39 (1.58–7.24)
2.67 (0.27–26.6)
3.32 (1.59–6.89)
0.46 (0.05–4.58)
0.30 (0.14–0.64)
2.88 (1.46–5.67)

0.002
0.402
0.001
0.509
0.002
0.009

Codominant 1
Codominant 2
Dominant
Recessive
Heterozygous advantage
Additive

1.16 (0.69–1.95)
0.92 (0.36–2.33)
1.12 (0.68–1.85)
0.85 (0.35–2.07)
1.17 (0.71–1.93)
1.03 (0.70–1.53)

0.800
0.662
0.670
0.715
0.531
0.860

Codominant 1
Codominant 2
Dominant
Recessive
Heterozygous advantage
Additive

0.84 (0.50–1.43)
1.22 (0.41–3.64)
0.89 (0.53–1.47)
1.30 (0.44–3.81)
0.83 (0.49–1.39)
0.96 (0.63–1.45)

0.731
0.410
0.645
0.643
0.480
0.830

28 (0.16)

98 (0.54)

54 (0.3)

0.43

30 (0.3)

45 (0.45)

26 (0.26)

0.48

T/T

G/T

G/G

3 (0.02)

48 (0.27)

129 (0.72)

0.15

1 (0.01)

10 (0.1)

90 (0.89)

0.06

C/C

T/C

T/T

18 (0.1)

84 (0.47)

78 (0.43)

0.33

8 (0.08)

52 (0.51)

41 (0.41)

0.34

C/C

T/C

T/T

103 (0.57)

67 (0.37)

10 (0.06)

0.24

61 (0.6)

34 (0.34)

6 (0.06)

0.23

Associations were tested using logistic regression. OR, odds ratio; 95%IC, conﬁdence interval.
*pC, adjusting by age, gender, type 2 diabetes mellitus and smoking habits and Bonferroni’s correction was used considering six
independent tests and statistical signiﬁcance was set when P ≤ 0.008.

On the other hand, under inheritance models: codominant
1, dominant and additive, adjusted for age, gender, type
2 diabetes mellitus and smoking habits, the rs7501477 T
allele was associated with increased risk of hypertension
(OR = 3.39, 95% CI: 1.58–7.24, P = 0.002; OR = 3.32, 95%
CI: 1.59–6.89, P = 0.001; OR = 2.88, 95% CI: 1.46–5.67,
P = 0.009, respectively). Similar distribution of TIMP3
(rs9619311) and TIMP4 (rs3755724) gene polymorphisms
was observed in MI patients with and without hypertension.
Haplotype analysis and SNP function prediction

The studied polymorphisms were not in linkage disequilibrium. Based on SNP functional prediction software,
only rs4789932 and rs7501477 polymorphisms seem to be
functional. Variation in these polymorphisms affect DNA
binding of the transcriptional factors AP4, ATF-6 and AR,
ARNT, respectively.
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Discussion
The action of MMP enzymes weakens the arterial wall,
contributing to the destabilizing and rupture of atheromatous plaque, leading to MI (Newby 2005). Under normal
physiological conditions, the activities of MMPs are regulated at the level of transcription, activation of the precursor
zymogens, TIMPs, and interaction with speciﬁc extracellular matrix (ECM) components and are likely to be reﬂected
in the biomechanical properties of this connective tissue.
Polymorphisms of TIMP genes have been studied in several diseases with contradictory results (Ban et al. 2009;
Chen et al. 2009). Association has been observed in stroke
(Hansson et al. 2011), Kawasaki disease (KD) (Furuno
et al. 2007), and carotid artery intima-media thickness (IMT)
(Armstrong et al. 2007). In the present study, we studied two
polymorphisms of TIMP2-T2803C (rs4789932), TIMP2G4804T (rs7501477), one polymorphism of TIMP3-C109T
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(rs9619311) and one polymorphism of TIMP4-C259T
(rs3755724) in Mexican patients with MI and healthy controls. A similar distribution of these polymorphisms was
observed in both studied groups. MI patients were classiﬁed
according to cardiovascular risk factors and the polymorphisms were analysed. In this analysis, the two polymorphisms of TIMP2 (rs4789932 and rs7501477) were
associated with hypertension. Several reports suggest that
MMPs and TIMPs lead to the development of hypertension
due to their role in endothelial dysfunction and hypertensive
heart disease (Park et al. 2013; Ahmed et al. 2006). These
polymorphisms are located in the promoter region of the
gene. AP-4, ATF6, AR and ARNT are transcriptional factors
that act both as a repressor and an activator for different
target genes related with progressive cardiac remodelling.
The functional prediction software used here predicted that
rs4789932 and rs7501477 polymorphisms have a potential
functional effect, and these variants produce binding sites
for the transcriptional factors AP-4, ATF-6, AR and ARNT.
AP-4 and AR have been shown to act both as a repressor and an activator for different target genes (Mermod
et al. 1988; Liu et al. 2003). On the other hand, ATF-4
directly participates in modulating inﬂammatory responses
in atherosclerosis (Gargalovic et al. 2006).
Armstrong et al. (2007) studied the association between
MMP and TIMP gene polymorphisms with carotid artery
IMT, and just found association of the MMP9 rs175176 polymorphism with IMT. When they analysed the association
between genotypes and cardiovascular risk factors, the history of arterial hypertension in these patients was signiﬁcantly associated with the rs5749511 SNP of the TIMP3.
These data are in line with our results, because the same
gene (but different variant) was associated with increased
risk of developing hypertension in our group of patients with
MI (Armstrong et al. 2007). On the other hand, Furuno et
al. (2007) evaluated ﬁve TIMP2 polymorphisms (rs8080623,
rs8179090, rs8179091, rs8179093, and rs8179096) in KD
patients with and without coronary artery lesions (CAL). In
this study, no association of the polymorphisms with KD
was observed, however, some associations with the presence
of CAL were detected. Again, these data are in accordance
with our results because the TIMP2 gene polymorphisms
were not associated with MI, but they were associated with
hypertension in our patients group.
Ban et al. (2009) investigated the relationship between the
rs3755724 promoter polymorphism of the TIMP-4 gene and
KD with CALs in a Korean population (Ban et al. 2009). In
that study, under a recessive model, the rs3755724 C allele
was associated with susceptibility to CALs. In our study, we
analysed this polymorphism; however, we did not detect any
association. The different results obtained in that study could
be due to ethnic differences. Genetic heterogeneity is a wellrecognized reason for the failure to replicate genetic association ﬁndings. Study limitations need to be addressed. The
ﬁndings should also be taken with caution because they are
based on a limited simple size. Therefore, the results need to

be replicated for conﬁrmation by further studies using larger
samples.
In summary, our data suggest that the TIMP polymorphisms were not associated with MI, however, the TIMP2
polymorphisms were associated with hypertension in this
group of patients. Additional studies in other populations
could help to deﬁne the exact genetic role of these polymorphisms in hypertension.
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