Polymorphisms of the genes eNOS, GSTT1 and
GSTM1 are significantly associated with
atherosclerotic disease in hypertensive patients
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ABSTRACT. Atherosclerosis is a multifactorial chronic
inflammatory disease that occurs in response to endothelial
aggression. Systemic arterial hypertension is the main risk factor for
the formation of atheromas, increasing the risk of cardiovascular
diseases. Several genes are involved in atherogenesis and
hypertension. We analyzed polymorphisms of candidate genes that
potentially participate in processes related to this pathology,
including G894T and T786C of eNOS, as well as GSTT1 and GSTM1
in 167 hypertensive patients and 100 controls. Blood samples were
from patients attended at the Angiogenesis/Vascular Surgery and
Cardiology Department of the Angiogyn clinic in Goiania. There was
significant prevalence of the genotype GT (76%) and the mutant
allele T (56%) of the T786C (eNOS) polymorphism in the patients.
For the polymorphism T786C (eNOS), the heterozygote genotype
(TC) was found in 58% of the samples; allele C was found in 61%,
but there was no significant difference compared to controls. The
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GSTT1 genotype was found in 84% and GSTM1 was found in 73%;
for both their predominance was significant. There are many possible
explanations for how these polymorphisms affect the development of
atherosclerosis and hypertension, but more studies are necessary for
their elucidation.
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INTRODUCTION
Atherosclerosis is the clogging of an artery due to fat accumulation (Keele, 1973). It
has been found in paleopathological studies of ancient and medieval mummies. The first
finding of atherosclerosis confirmed by morphological evidence was made in Egyptian
mummies thousands of years old at the beginning of the 20th century (Kim et al., 2015).
Atherosclerosis is characterized by atheroma plaques, which are lesions projecting
into the vascular lumen, where they can cause obstruction and other complications, such as
peripheral vascular disease, stroke, ischemic heart disease, acute myocardial infarction and
sudden death. These complications are among the leading causes of mortality (Murray and
Lopez, 2013).
Systemic arterial hypertension, increased LDL, family history of coronary artery
disease (CAD), diabetes mellitus, dyslipidemia, obesity, smoking, sedentary lifestyle,
alcoholism and history of stroke are the most common risk factors for atherosclerosis.
Elderly, postmenopausal women and individuals with any family history of coronary
diseases are more likely to develop complications from atherosclerosis. Development of
atherosclerosis depends on genetic characteristics and environmental influences; thus it is a
multifactorial disease (Lopez et al, 2006).
Systemic arterial hypertension is the main risk factor for the development of
cardiovascular diseases. Formation of atheromas can be increased by a decrease in NO due
to endothelial dysfunction. Approximately 29% of the causes of death in Brazil are due to
CAD and 12.8% of those are caused by systemic arterial hypertension (Carvalho et al.,
2001). Blood pressure became a target of genetic studies in the 1980s. Currently, new
technologies enable the detection of genetic variants of candidate genes related to the
regulation of blood pressure. Blood pressure is an inherited trait and it is suggested that 1560% can be attributed to genetic factors (Norton et al., 2010). Moreover, the LDL fraction
in hypertensive patients is more susceptible to oxidation than LDL in normotensive patients.
Oxidized LDL alters endothelial and vascular function; thus hypertension strongly
influences atherogenesis. Several polymorphisms of candidate genes such as eNOS, GSTT1,
GSTM1 are related to arterial hypertension and atherogenesis onset (Keidar and Attias,
1997).
Nitric oxide (NO) is produced by the endothelial enzymes nitric oxide synthase
(eNOS), neuronal (nNOS) and inducible (iNOS). The eNOS enzyme is the main source of
NO generated in the vascular system. It is synthesized from L-arginine and has an important
role in cardiovascular control, especially for vasodilation (Rush et al., 2005). NO derived
from the endothelium influences the relaxation and proliferation of vascular smooth muscle
cells, in addition to limiting oxidation of LDL (Channon and Guzik, 2002).
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The human eNOS gene is located on chromosome 7 (7q35-36), which is composed
of 26 exons and 25 introns, with a length of 21 kb; it is constitutively expressed in vascular
endothelial cells (Marsden et al., 1993). Altered activity of the eNOS gene, due to
polymorphisms, may lead to NO deficiency and consequently to hypertension, myocardial
infarction, coronary artery disease and heart failure, in addition to being associated with
increased risk of cardiovascular complications. Several polymorphisms have been identified
for the eNOS gene, and G894T and T786C are the most common (Vallance et al., 1989).
GSTs are found in virtually all eukaryotic species (Strange et al., 2001). The most
common variants of GSTs are the GSTM1 and GSTT1 genes. A homozygous deletion
characterizes the null genotypes, which have been associated with loss of enzyme activity
and increased susceptibility to cytogenetic damage. These enzymes metabolize xenobiotics,
which have a protective effect against endogenous oxidative stress and potential exogenous
toxins. (Hayes et al., 2000).
In order to determine whether variations in these genes affect the development of
arterial disease, we examined the relationship of atherosclerotic disease in hypertensive
patients with polymorphisms of the eNOS, GSTT1 and GSTM1 genes.

MATERIAL AND METHODS
The research was approved by the National Ethics Commission in Research
involving human beings CEP/PUC Goiás (No. 35321614.3.0000.0037). Peripheral blood
samples were collected at the Angiogenesis/Vascular Surgery and Cardiology Department
of the Angiogyn clinic in the city of Goiânia. The sample consisted of 267 individuals
divided into two groups. A control group formed by 100 subjects and a case group formed
by 167 subjects. Exceptionally, for the eNOS T786C polymorphism there were 165
subjects. The average age of the participants in the case group and control group was 62 and
50 years, respectively. Diagnosis of atherosclerosis was based on clinical examination and
confirmed by imaging methods, including echo Doppler, angiotomography and/or digital
angiography, angiotomography and/or cineangiocoronariography. The inclusion criterion
was subjects who were on medication for hypertension.
In order to investigate eNOS (G894T and T786C), GSTT1 and GSTM1 gene
polymorphisms, we performed PCRs in duplicate with a final volume of 25 μL. The primers
are described in Table 1. The amplicons were subjected to agarose gel electrophoresis with
EDTA tris-borate solution (TBE) at 1x. The gels were stained with ethidium bromide (5
g/mL) and visualized on a VDS® Video Master Documentation System (Amersham
Pharmacia Biotech, USA). The data was analyzed with the Chi-square test the Bioestat
software (version 5.0; biocis-tron.blogspot.com).
Table 1. Nucleotide sequence of eNOS (G894T and T786C), GSTT1 and GSTM1 primers.
G894T
(Tajehmiri et al, 2013)
T786C
(Fernandes, 2016)
GSTT1
(Martins, 2016)
GSTM1
(Rodrigues, 2016)

FC: 5’AAGGCAGGAGAGACAGTGGATG 3’
R N: 5’TGAAGGAAGAGTTCTGGTGGC 3’
RM: 5’TGAAGGAAGAGTTCTGGTGGA 3’
C0: 5’ TTT CTC CAG CCC CTC AGA TG 3’
2684C: 5’ GGC AGA GGC AGG GTC AGA CG 3’
2684T: 5’ CAT CAA GCT CTT CCC TGT CT 3’
T0: 5’ AGG CCC AGC AAG GAT GTA GT 3’
F: 5’ TTCCTTACTGGTCCTCACATCTC 3’
R: 5’ TCACCGGATGGCCAGCA 3’
F: 5’ GAACTCCCTGAAAAGCTAAAGC 3’
R: 5’ GTTGGGCTAAATATACGGTGG 3’
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RESULTS
Regarding the genotypes of the G894T eNOS polymorphism (Figure 1), we found
13% GG homozygotes, 76% GT heterozygotes and 14% TT homozygotes in the case group
and 2% GG homozygotes, 85% of GT and 13% TT homozygotes in the control group. The
GG genotype was 6.5 times more frequent in the case group (P = 0.03; Table 2). The G894T
eNOS polymorphism had an allelic frequency of 48% for the wild-type allele (G) and 52%
for the T allele in the case group, whereas the G and T alleles frequencies were 44.5% and
55.5%, respectively, in the control group (Table 2).

Figure 1. A 2% agarose gel stained with ethidium bromide, indicating the presence or absence of the wild-type
(G) allele of the G894T polymorphism of the eNOS gene. The ladder (LD) confirms that the amplified fragments
consist of 181 bp. Columns 1 through 4 shows the amplification of these fragments.
Table 2. Genotypic and allelic distribution of the G894T eNOS polymorphism in case and control groups.

Case
Control

GG
%
12
2

GT
%
76
85

TT
%
14
13

P*
0.03

G
%
48.0
44.5

T
%
52.0
55.5

P*
0.4

*Chi-square test

The genotype frequency of the T786C eNOS polymorphism was 32% for the CC
genotype, 58% for the TC heterozygotes and 10% for the TT genotype in the case group.
We found 31% individuals with CC genotype, 64% TC and 5% homozygous TT in the
control group. Although the p value was greater than 0.05, TT was twice as frequent in the
case group (Table 3). The frequency of alleles T and C was 39% and 61%, respectively, in
the case group and 32% and 68% in the control group. There was no significant difference
between the groups (Table 3).
Table 3. Genotypic and allelic distribution of the T786C eNOS polymorphism in case and control groups.

Case
Control

CC
%
32
31

TC
%
58
64

TT
%
10
5

P*
0.30

T
%
39
32

C
%
61
62

P*
0.08

*Chi-square test
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GSTT1 was present in 84% within the case group and 65% within the control group.
Thus, GSTT1 was 1.3 times more frequent in the hypertensive atherosclerotic group than in
the control group (P = 0.0003; Table 4). The GSTM1 gene was detected in 73% of patients
and 60% in the control. GSTM1 was 1.2 times more frequent in the case group than in the
control group (P = 0.02; Table 4).
Table 4. Distribution of GSTT1 and GSTM1 polymorphisms in the case and control groups (in %).
GSTT1
GSTM1

Present
Null
Present
Null

Case
84
16
73
27

Control
65
35
60
40

P*
0.0003
0.02

*Chi-square test

DISCUSSION
The analysis of the G894T of the eNOS polymorphism showed more frequent
homozygotes (GG) in patients with atherosclerosis and hypertension. The GG homozygote
was 6.5 times more frequent in patients than in controls. Lajer et al. (2009), in Denmark,
found 64% of atherosclerotic patients with GG in the case group and 57% in the control
group; Cai et al. (1998) found 55.6% GG in the case group and 52.11% in the control group.
Most patients presented the heterozygote genotype of the G894T eNOS
polymorphism. A study associating this same polymorphism with heart failure found a
higher frequency of heterozygotes in the case group in Rio de Janeiro (Tardin et al., 2013).
Fatini et al. (2005) found a higher frequency of the GT genotype in patients with abdominal
aortic aneurysm, an atherosclerosis associated disease, where 74% of the case group
consisted of hypertensive patients, similar to what we found.
Some studies related to the G894T eNOS polymorphism found a prevalence of
homozygous GG in the study population. Saini et al. (2011) investigated the association of
endothelial dysfunction and the G894T polymorphic variation in patients with a confirmed
history of CAD. According to their results, the GG frequency was higher in both case and
control groups compared to the heterozygote GT genotype, but it was higher for the control
group (88%).
Hillermann et al. (2005) in South Africa found a low frequency of the TT genotype
(2.4%) of the G894T eNOS polymorphism. Some studies have reported absence of the TT
genotype in their populations (Kato et al., 1999; Moon et al., 2002; Nishevitha et al., 2009;
Saini et al., 2011).
In our investigation, analysis of the distribution of the G and T alleles of the G894T
eNOS polymorphism in the case and control groups showed no significant difference. A
study carried out by Hinz et al. (2013) that evaluated the influence of G894T polymorphism
in the early clinical evolution of patients submitted to cardiac surgery found no significant
difference between case and control groups. Regarding hypertension and G894T
polymorphism, Niu et al. (2011) analyzed 19,284 patients in the case group and 26,003 in
the control group. They showed that the T allele increased the risk of hypertension by 16%
(P = 0.001).
The T786C eNOS polymorphism showed a higher frequency of homozygous TT
genotype in patients with atherosclerosis and hypertension; it was two times more frequent
in patients from the case group than in the control group; however, this difference was not
Genetics and Molecular Research 18 (1): gmr18089
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significant. Kosior-Jarecka et al. (2016) analyzed the T786C eNOS polymorphism and
found no significant difference. Similar to our results, Colombo et al. (2008) found
predominance of the CT genotype of eNOS (T786C) in patients with cardiovascular damage
and hypertension. Colombo et al. (2003) found a higher prevalence of the TC genotype in
two populations with genotype frequencies of 52.5% in the case group and 51.4% in the
control group, which is not statistically significant. Similarly, Khurana et al. (2003) found a
higher frequency of the TC genotype in an American population, with a frequency of 51%
in the control group and 67% in the case group.
In our study the frequencies of the CC genotype of the T786C eNOS polymorphism
were similar when the case and control groups were compared; Colomba et al. (2008) found
similar results. Regarding the T and C allelic distribution of the T786C polymorphism, the
C allele was present in 61% of the case group. Colombo (2003), with a similar result, found
51% for the C allele in the case group, while AliReza (2012) detected a frequency of 8% of
the C allele in the case group. In vitro research has shown that the C allele reduces the
activity of the eNOS promoter about 50% and consequently decreases the production of
nitric oxide (Nakayama et al., 1999).
For the GSTT1 gene, we found a higher frequency in the case group, suggesting its
association with atherosclerosis and hypertension. Moreover, the GSTT1 present genotype
was 1.3 times more frequent in the case group. Bazo et al. (2011), in Brazil, investigated
patients undergoing angiography with a diagnosis of CAD and observed prevalence of the
GSTT1 genotype. Another study in Brazil found the GSTT1 null genotype to be more
frequent (Maciel et al., 2009). In India, the GSTT1 genotype was related to CAD, with
92.34% of the patients with this genotype (Girisha et al., 2004). In Turkey, Turkanoglu et
al. (2010) found a higher frequency of the GSTT1 genotype in ischemic patients and in
Serbia, Zivković et al. (2014) found that the GSTT1 genotype was prevalent among
atherosclerotic patients and 88.9% of them had hypertension.
Analysis of the GSTM1 gene polymorphism showed a significant prevalence of this
genotype in control and case groups. The frequency of the GSTM1 genotype was 1.2 times
higher in the case group. The proportion of individuals with the GSTM1 null genotype in the
control group (40%) was similar to frequencies reported in case control studies conducted in
Brazil (45.7%; Burim et al., 2004) and in Europe (46.9%; D'alo et al., 2004).
Grignoli et al. (2009) analyzed polymorphism of GSTM1 and its relation to various
pathologies, among them atherosclerosis. They reported that the GSTM1 genotype was
more prevalent (57.0%) than the GSTM1 null genotype (43.0%). Maciel et al. (2009)
analyzed 1577 individuals from the general population and found a higher prevalence of the
GSTM1 genotype. Taspinar et al. (2012) detected GSTM1 in 58.2% of the case group and
53.5% of the control group. Wilson et al. (2000) found a higher frequency of the GSTM1
genotype in the case group (52.0%), and a lower prevalence of this genotype in the control
group (42.8%).
Several research groups have found different results regarding polymorphisms of
GSTM1 and GSTT1 and their relation to atherosclerosis and other vascular diseases.
Hussain et al. (2012) concluded that the GSTT1 and GSTM1 deletion may be considered a
risk factor for hypertension. Wang et al. (2012), in China, concluded that the null
polymorphism of GSTT1 and GSTM1 can interact synergistically with hypertension,
diabetes mellitus and smoking and increases the risk of ischemic stroke. Türkanoğlu et al.
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(2010) showed that GSTT1 null and GSTM1 null genotypes play a significant role in
hypertension and in the pathogenesis of ischemic stroke.
The discrepancy in results may be due to differences in the ethnic composition of the
Brazilian population (Arruda et al., 1998) and also differences in the exclusion and inclusion
criteria of the study groups that can be related to other vascular pathologies. Further studies will
help to clarify the association of these polymorphisms with atherosclerosis and hypertension.
Atherosclerosis and systemic arterial hypertension are multifactorial pathologies and
consequently a challenge for molecular genetics. Here we showed that the distribution of the
G894T eNOS polymorphism in the case and control groups differed significantly; the G allele
was 6.5 times more frequent in patients. The GG patients could be more susceptible to
atherosclerotic disease and systemic arterial hypertension. However, the genotypic frequency of
the eNOS T786C polymorphism in the case and control groups did not differ significantly. The
GSTT1 gene was 1.3 times more frequent in the hypertensive atherosclerotic participants than in
the control group. The frequency of of the GSTM1 present genotype in the hypertensive
atherosclerotic patients was 1.2 times higher when compared to the control group.

CONFLICTS OF INTERESTS
The authors state that they have no conflict of interest regarding this research.

REFERENCES
Alireza Y, Fatemeh KK and Mohammad RN (2012). T-786C Polymorphism of Endothelial Nitric Oxide Synthase Gene
and Serum Level of Nitric Oxide in Nonsmoker and Nondiabetic Patients Suffering from Coronary Artery Disease.
J. Biotechnol. Biomaterial. 2: 2-4.
Arruda VR, Grignolli CE, Gonçalves MS, Soares MC, et al. (1998). Prevalence of homozygosity for the deleted alleles
of glutathione S-transferase mu (GSTM1) and theta (GSTT1) among distinct ethnic groups from Brazil: relevance
to environmental carcinogenesis? Clin. Genet. 54: 210-214.
Bazo, AP, Salvadori DJR, Salvadori RA, Sodré LP, et al. (2011). DNA repair gene polymorphism is associated with the
genetic basis of atherosclerotic coronary artery disease. Cardiovasc. Pathol. 20: 9-15.
Burim RV, Canalle R, Martinelli L and Takahashi CS (2004). Polymorphisms in glutathione S-transferases GSTM1,
GSTT1 and GSTP1 and cytochromes P450 CYP2E1 and CYP1A1 and susceptibility to cirrhosis or pancreatitis in
alcoholics. Mutagenesis, 19: 291-98.
Cai H, Wang X, Colagiuri S, David EL, et al. (1998). Common Glu298Asp (894GT) Mutation at Exon 7 of the
Endothelial Nitric Oxide Synthase Gene and Vascular Complications in Type 2 Diabetes. Diabetes Care. 21: 21952196.
Carvalho MHC, Nigro D, Lemos VS, Tostes RCA, et al. (2001). Hipertensão arterial: o endotélio e suas múltiplas
funções. Rev. Bras. Hipertens. 8: 76-88.
Channon KM and Guzik TJ (2002). Mechanisms of superoxide production in human blood vessels: relationship to
endothelial dysfunction, clinical and genetic risk factors. J. Physiol. Pharmacol. 53: 515-24.
Colomba D, Duro G, Corrao S, Argano C, et al. (2008). Endothelial nitric oxide synthase gene polymorphisms and
cardiovascular damage in hypertensive subjects: an Italian case-control study. Immun. Ageing. 5: 4.
Colombo J, Rossit ARB, Caetano A, Borim AA, et al. (2004). GSTT1, GSTM1 and CYP2E1 genetic polymorphisms in
gastric cancer and chronic gastritis in a Brazilian population. World. J. Gastroenterol. 10: 1240-124510.
Colombo MG, Paradossi U, Andreassi MG, Botto N, et al. (2003). Endothelial nitric oxide synthase gene polymorphisms and risk of coronary artery disease. Clin. Chem. 49: 389–395.
D’alo F, Voso MT, Guidi F, Massini G, et al. (2004). Polymorphisms of CYP1A1 and glutathione S-transferase and
susceptibility to adult acute myeloid leukemia. Haematologica 89: 664-670.
Fatini C, Sofi F, Sticchi E, Bolli P, et al. (2005). eNOS G894T polymorphism as a mild predisposing factor for
abdominal aortic aneurysm. J. Vasc. Surg. 42: 415-9.
Girisha KM, Gilmour A, Mastana S, Singh VP, et al. (2004). T1 and M1 Polymorphism In Glutathione S Transferase
Gene and coronary artery disease in north Indian population Indian. J. Med. Sci. 58: 520-526.
Grignoli CRE, Re AI and Bertoncin AC (2009). Polimorfismos dos genes das enzimas glutaniona S-Transferase MU1 e
TETA1. Rev. Cien. UNIFAE 3: 23-28.

Genetics and Molecular Research 18 (1): gmr18089

©FUNPEC-RP www.funpecrp.com.br

M.P. Moraes et al.

8

Hayes JD and Strange RC (2000). Glutathione S-transferase polymorphisms and their biological consequences.
Pharmacology 61: 154–166.
HIllermann R, Carelse K and Gebhardt GS (2005). The Glu298Asp variant of the endothelial nitric oxide synthase gene
is associated with an increased risk for abruptio placentae in pre-eclampsia. J. Hum. Genet. 50: 415–419.
Hinz J, Schöndorf D, Bireta C, Lipke C, et al. (2013). The eNOS 894G/T gene polymorphism and its influence on early
and long-term mortality after on-pump cardiac surgery. J. Cardiothorac. Surg. 8: 199.
Hussain K, Salah N, Hussain S and Hussain S (2012). Investigate the Role of Glutathione S Transferase (GST)
Polymorphism in Development of Hypertension in UAE Population. Iran. Red. Crescent. Med. J. 14(8): 479–482.
Kato N, Sugiyama T, Morita H, NabikA T, et al. (1999). Lack of evidence for association between the endothelial nitric
oxide synthase gene and hypertension. Hypertension 33: 933-6.
Keele KD (1973). Leonardo da Vinci’s views on arteriosclerosis. Med. Hist. 17: 304-308.
Keidar S and Attias J (1997). Angiotensin II injection into mice increases the uptake of oxidized LDL by their
macrophages via a proteoglycan mediatedpathway. Biochem. Biophys. Res. Commun. 239: 63-7.
Khurana VG, Smith LA, Baker TA, Eguchi D, et al. (2002). Protective vasomotor effects of in vivo recombinant
endothelial nitric oxide synthase gene expression in a canine model of cerebral vasospasm. Stroke. 33: 782–9.
Kim MJ, Kim YS, Oh CS, Go JH, et al. (2015). Anatomical Confirmation of Computed Tomography-Based Diagnosis
of the Atherosclerosis Discovered in 17th Century Korean Mummy. Plos. One 10: e0119474.
Kosior-Jarecka E, Łukasik U, Wróbel-Dudzińska D, Kocki J, Bartosińska J, et al. (2016). Risk Factors for Normal and
High-Tension Glaucoma in Poland in Connection with Polymorphisms of the Endothelial Nitric Oxide Synthase
Gene. PLoS. One 25: e0147540.
Lajer M, Jorsal A and Tarnow L (2009). The endothelial nitric oxide synthase gene and risk of diabetic nephropathy and
development of cardiovascular disease in type 1 diabetes. Mol. Genet. Metab. 97: 80-84.
Lopez AD, Mathers CD, Ezzati M, Jamison DT, et al. (2006). Global Burden of Disease and Risk Factors. Oxford
University Press; New York.
Maciel SS, Pereira CA, Silva GJ, Rodrigues MV, et al. (2009). Association between glutathione S-transferase
polymorphisms and triglycerides and HDL-cholesterol. Atherosclerosis 206: 204-8.
Marsden PA, Heng HH, Scherer SW, Stewart RJ, et al. (1993). Structure and chromosomal localization of the human
constitutive endothelial nitric oxide synthase gene. J. Biol. Chem. 68: 17478-17488.
Moon J, Yoon S, Kim E, Shin C, et al. (2002). Lack of evidence for contribution of Glu298Asp (G894T) polymorphism
of endothelial nitric oxide synthase gene to plasma nitric oxide levels. Thromb. Res. 107: 129-34.
Murray CJ and Lopez AD (2013). Measuring the global burden of disease. N. Engl. J. Med. 369: 448-457.
Nakayama M, Yasue H, Yoshimura M, Shimasaki Y, et al. (1999). T-786-->C mutation in the 5'-flanking region of the
endothelial nitric oxide synthase gene is associated with coronary spasm. Circulation 99: 2864-70.
Nishevitha N, Angeline T and Jeyara JN (2009). Endothelial nitric oxide synthase (eNOS) Glu298Asp polymorphism
(G894T) among south Indians. Indian J. Med. Res. 129: 68-71.
Niu W and Qi Y (2011). An Updated Meta-Analysis of Endothelial Nitric Oxide Synthase Gene: Three WellCharacterized Polymorphisms with Hypertension. PLos. One 6: e24266.
Norton GR, Brooksbank R and Woodiwiss AJ (2010). Gene variants of the renin-angiotensin system and hypertension:
from a trough of disillusionment to a welcome phase of enlightenment? Clin. Sci. 118: 487-506.
Rush JW, Denniss SG and Graham DA (2005). Vascular nitric oxide and oxidative stress: determinants of endothelial
adaptations to cardiovascular disease and to physical activity. Can. J. Appl. Physiol. 30: 442-74.
Saini V, Bhatnagar MK and Bhattacharjee J (2011). Association of Endothe-lial Dysfunction with Endothelin, Nitric
Oxide and eNOS Glu298Asp Gene Polymorphism in Coronary Artery Disease. Disease markers. 31: 215-222.
Strange RC, Spiteri MA, Ramachandran S and Fryer AA (2001). Glutathione-S-transferase family of enzymes. Mutat.
Res. 482: 21–26.
Tardin O, Pereira S, Velloso M, Balieiro H, et al. (2013). Polimorfismo G894T da Óxido Nítrico-Sintetase Endotelial e o
Prognóstico na Insuficiência cardíaca. Arq. Bras. Cardiol. 101: 352-358
Taspinar M, AydoS S, Sakiragaoglu O, Duzen IVn, et al. (2012). Impact of Genetic Variations of the CYP1A1, GSTT1
and GSTM1. Genes on the Risk of Coronary Artery Disease. DNA Cell. Biol. 31: 211-8.
Türkanoğlu A, Can Demirdöğen B, Demirkaya S, Bek S, et al. (2010). Association analysis of GSTT1, GSTM1
genotype polymorphisms and serum total GST activity with ischemic stroke risk. Neurol. Sci. 31: 727-34.
Vallance P, Collier J and Moncada S (1989). Effects of endothelium- derived nitric oxide on peripheral arteriolar one in
man. Lancet. 2: 997-1000.
Wang R, Wang Y, Wang J and Yang K (2012). Association of glutathione S-transferase T1 and M1 gene polymorphisms
with ischemic stroke risk in the Chinese Han population. Neural. Regen. Res. 7: 1420-1427.
Wilson MH, Peter GJ, Laura JH and Wild CP (2000). Glutathione S-transferase M1 null genotype is associated with a
decreased risk of myocardial infarction. FASEB J. 4: 791-796.
Zivković M, Stanković A, Djurić T, Končar I, et al. (2014). Effects of glutathione S-transferase T1 and M1 deletions on
advanced carotid atherosclerosis, oxidative, lipid and inflammatory parameters. Mol. Biol. Rep. 41: 1157–1164.

Genetics and Molecular Research 18 (1): gmr18089

©FUNPEC-RP www.funpecrp.com.br

