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Abstract Involvement of genetic polymorphisms in
arterial hypertension has already been reported, including
GST genes, with contrasting results. The present research
evaluates the possible association between GST gene
polymorphisms and essential hypertension (EH) in an
Italian population sample. 193 hypertensive subjects and
210 healthy controls were recruited. Buccal cells were
collected from each subject using an oral swab and DNA
was extracted using the phenol:chloroform:isoamilic alco-
hol method. GST SNPs were determined using the PCR-
RFLP method, while GST null polymorphisms were
determined using a Multiplex PCR. Among GST poly-
morphisms, only the frequency of the GSTT1 null pheno-
type was significantly higher in hypertensive patients than
in normotensive participants. GSTT1 null individuals were
significantly associated with increased risk of hypertension
[P < 0.001; adjusted OR 2.24 (1.43-3.50)]. In sex-based
analysis, the risk was significantly higher in female
hypertensives [P < 0.001; adjusted OR 3.25 (1.78-5.95)]
but not in male subjects. This study analyzed all GST gene
that, in other research, have been studied in relation to
arterial hypertension and the GSTO polymorphisms,
showing an association only with GSTT1. The results for
the GSTO genes represent the first analysis of this GST
class in relation to blood pressure regulation. The associ-
ation between the GSTT1 null phenotype and EH was
confirmed in the overall population and in women, but not
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in men. These data suggest that GSTT1 could be a sex-
specific candidate gene for EH.
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Introduction

Human hypertension is classified as a complex, multifac-
torial, polygenic disease despite the fact that its genetic
components still remain unknown [1]. Oxidative stress is
an important pathogenetic factor in the development of
cardiovascular diseases. Increased production of reactive
oxygen species (ROS) and/or reduced defences against
ROS not only immediately lead to endothelial dysfunction
but also cause structural damage to tissue and organs [2].

Among the antioxidant mechanisms, glutathione is the
most abundant nonprotein intracellular thiol, with multiple
roles as antioxidant agent. Reduced glutathione (GSH) acts
to scavenge ROS as well as to regenerate other antioxidants
from their oxidized forms. During these processes, GSH is
converted to its oxidized form (GSSG), which must be
reduced by NADPH-glutathione reductase. The cell’s
ability to maintain glutathione levels is highly important
for its integrity and cellular function [3]. Moreover, GSH is
also an essential cofactor for different enzymes like glu-
tathione S-transferases (GSTs) [4].

The supergene family of GSTs is associated with the
regulation of inflammation through modulation of prosta-
glandin signalling pathways and oxidative stress and
through the regulation of normal cellular physiology [4].
The cytosolic family of GSTs is divided into seven classes:
Alpha, Mu, Omega, Pi, Sigma, Theta, and Zeta [5]. Com-
mon variants of these genes may, therefore, have health
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implications for individuals exposed to oxidative stress [4].
The association between the variations in the GST activity
in vivo and the susceptibility to cardiovascular and other
diseases has been studied primarily through the use of
GSTMI null and GSTT1 null genotypes, as indicators of a
systemic lack of expression of the corresponding proteins
[6]. Different studies have successfully investigated the
role of several GST gene polymorphisms in relation to the
expression and development of complex diseases [7, 8].
Regarding the arterial hypertension, to date seven studies
have been conducted on GST gene variability [9-15], but
only one study has analyzed the association between GST
and the essential hypertension (EH) [15]. Moreover, the
results of these studies are in some cases conflicting.
Therefore, previous published data are insufficient to prove
the role of GST gene polymorphisms in arterial
hypertension.

The mechanisms whereby GSTs influence the develop-
ment and the expression of hypertension are complex and
interactive. In this scenario, the conflicting results for the
GST genes and blood pressure (BP) could be due not only
to publication bias and sample size but also to extreme
gene—environment interactions characterizing the hyper-
tensive phenotypes.

The aim of this study is, therefore, the analysis of the
possible involvement of GST gene variants in essential
hypertensive subjects, living in central Italy. We investi-
gated several GST gene polymorphisms to contribute to the
knowledge about the genetics of EH. In particular, we
focused our attention on functional polymorphisms of GST
genes (GSTA1*-69C/T, GSTMI1 null, GSTPI*I105V,
GSTT]1 null) that had been previously studied in relation to
BP, and on two functional GSTO gene polymorphisms
(GSTO1*A140D and GSTO2*N142D) not yet studied in
relation to hypertension.

Methods
Study population

The study population consisted of 403 adult people who
were not relatives and lived in Rome (Central Italy). 193
patients with a history of EH were recruited in the Clinical
Physiopathology and Hypertension Centers of Fatebene-
fratelli Hospital. The hypertension diagnosis was based on
the physician’s diagnosis and on the use of antihyperten-
sive medications. All enrolled patients had appropriate
clinical, laboratory, and radiological evaluations to exclude
secondary hypertension and chronic kidney disease. 210
healthy individuals who visited Fatebenefratelli Hospital
for an annual check-up and hospital staff members were
used as a control group for this study. Control subjects
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were selected among healthy people with BP less than
140/90 mmHg and no history of hypertension and other
cardiovascular diseases. BP was measured after 5 min of
rest in a quiet environment and the average of three con-
secutive BP measurements was used as BP. Exclusion
criteria were obesity (body mass index [BMI] > 30 kg/
mz), diabetes mellitus, dyslipidemia, and chronic diseases.
Information regarding smoking habits, vegetable intake,
fruit intake, psychological stress, type of work, and phys-
ical activity were obtained by face-to-face interviews with
medical staff members using a structured questionnaire.
Written informed consent was obtained from all subjects
and the study was approved by the Ethical Committee of
Fatebenefratelli Hospital.

Genotyping procedures

Buccal cells were collected with an oral swab. All subjects
were instructed to brush their teeth and refrain from eating
and drinking for at least 1 h before sample collection.
Patients had each cheek brushed for at least 30 s and the
brushes were placed in plastic tubes. DNA from buccal
cells was obtained using the Phenol: Chloroform: Isoamilic
alcohol method [16].

The GSTAI1-69C/T polymorphism was determined
using the PCR-restriction fragment length polymorphism
(RFLP) method using the restriction enzyme Earl [17]. The
GSTO1*A140D and GSTO2*N140D polymorphisms were
determined using the PCR-RFLP method with Cac8I and
Mbol restriction enzymes, respectively [18]. The
GSTP1*1105V was analyzed by PCR-RFLP analysis with
BsmAlI [19]. Genotyping of GSTM1 and GSTTI null
polymorphisms was carried out by a Multiplex PCR reac-
tion [20].

The genotypes were defined by different electrophoretic
bands as already described in our previous study [21]. To
ensure the reliability of the results, approximately 15% of
the samples were randomly selected and genotyped inde-
pendently by a second researcher using the same protocol:
in all cases the outcome was concordant. Finally, the lab-
oratory was not informed of the patients’ diagnoses until
the final analysis. Patients and controls were identified by
progressive numbers.

Statistical analysis

Descriptive analyses were performed using t-tests for
continuous variables, while the Chi-square (Xz) test was
used for categorical variables. The results of genotyping
procedures were used to verify the Hardy—Weinberg
equilibrium. Logistic regression was used to calculate
adjusted odds ratios (ORs) and 95% Cls for the association
between GST gene polymorphisms and hypertension.
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Since, we investigated six genetic markers in control and
case groups, the standard significance level of 5% has been
adjusted to o = 0.05/6 = 0.008, according the application
of Bonferroni correction for multiple testing. All statistical
calculations were performed using the SPSS software
package version 15.0 for Windows (SPSS Inc., Chicago,
IL).

Results

The characteristics of the participants are shown in
Table 1. Age, sex, and BMI were not significantly different
between hypertensive patients and normotensive partici-
pants, or were smoking habits and physical activity. Con-
versely, vegetable and fruit intake, psychological stress,

and type of work were significantly different between the
two groups. The genotype frequencies of GSTA1-69C/T,
GSTO1*A140D, GSTO2*N142D, and GSTP1*I105V
were in Hardy—Weinberg equilibrium. All genotype fre-
quencies of GST polymorphisms in our controls were
within the ranges reported previously in Italy and also in
other European populations [22, 23]. The distributions of
GST genotypes in the hypertensive and normotensive
participants are shown in Table 2. Table 3 reports univar-
iate and adjusted ORs in the overall population and in the
sex-segregated populations. Regarding GSTA1*-69C/T,
GSTM1 positive/null, GSTO1*A140D, GSTO2*N142D
and GSTPI1*I105V, no significant differences in the
genotypic distributions between hypertensive subjects and
healthy controls were found: y* test and adjusted ORs
did not show any association between these genetic

Table 1 Characteristics of

. Hypertension Control Statistical test P value
study population 1 = 193) (n = 210)

Sex male(%)/female(%) 80 (41.5)/113 (58.5) 74 (35.2)/136 (64.8) 1> = 1.64 0.200
Age mean = SE 58.7 £ 0.7 57.6 £ 0.8 t=1.12 0.265
BMI mean + SE 249 £ 0.2 244 £ 0.2 t=1.64 0.101
Systolic BP (mmHg) 155.2 £ 0.9 125.5 £ 0.5 t = 28.87 <0.001%%*
Diastolic BP (mmHg) 94.7 £ 0.7 78.0 £ 0.4 t=2223 <0.001%*

Active smoking
Current smokers n (%) 36 (18.7) 58 (27.6) ;(2 =5.20 0.074
Ex-smokers n (%) 65 (33.7) 70 (33.4)

Never smokers n (%) 92 (47.6) 82 (39.0)

Passive smoking n (%) 82 (42.5) 82 (39.0) )(2 =049 0.483

Vegetable intake
<1 a day n (%) 14 (7.3) 32 (15.2) =741 0.025%*
At least 1 a day n (%) 59 (30.6) 68 (32.4)
>1 a day n (%) 120 (62.1) 110 (52.4)

Fruit intake
<1 a day n (%) 19 (9.8) 40 (19.0) 1 = 8.20 0.017*
At least 1 a day n (%) 55 (28.5) 64 (30.5)
>1 a day n (%) 119 (61.7) 106 (50.5)

Psychological stress
Absent n (%) 12 (6.2) 2 (1.0) ¥ =13.10 0.004**
Mild n (%) 43 (22.3) 70 (33.3)

Moderate n (%) 107 (55.4) 110 (52.4)
Intense n (%) 31 (16.1) 28 (13.3)

Work
Sedentary n (%) 128 (66.3) 96 (45.7) 7 =17.30 <0.001%*
Active n (%) 65 (33.7) 114 (54.3)

Physical activity
Absent n (%) 71 (36.8) 64 (30.5) =532 0.150
Mild n (%) 75 (38.9) 96 (45.7)

Moderate n (%) 42 (21.8) 38 (18.1)
Intense n (%) 5(2.5) 12 (5.7)

**P < 0.01, *P < 0.05
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Table 2 Genotype distribution
for GST polymorphisms in

Hypertension n (%)

Control n (%) P value (12)

hypertensive patients and

GSTA1*-69C/T (1s3957356)
healthy controls

—69C/—69C 87 (45.1) 96 (45.7)
—69C/—69T 79 (40.9) 84 (40.0) 0.982
—69T/—69T 27 (14.0) 30 (14.3)

GSTMI1 positive/null
Positive 100 (51.8) 110 (52.4) 0.909
Null 93 (43.2) 100 (47.6)

GSTO1* A140D (rs4925)
A140/A140 92 (47.7) 82 (39.1)
A140/D140 86 (44.5) 104 (49.5) 0.162
D140/D140 15 (7.8) 24 (11.4)

GSTO2*N142D (rs156697)
N142/N142 72 (37.3) 74 (35.3)
N142/D142 102 (52.9) 104 (49.5) 0.266
D142/D142 19 (9.8) 32 (15.2)

GSTP1*1105V (rs1695)
1105/1105 93 (43.2) 106 (50.5)
1105/V105 88 (45.6) 88 (41.9) 0.703
V105/V105 12 (6.2) 16 (7.6)

GSTT!1 positive/null
Positive 91 (47.2) 138 (65.7) <0.001*
Null 102 (52.8) 72 (34.3)

*P < 0.008

polymorphisms and EH in either the overall population and
in the sex-segregated populations. Conversely, the GSTT1
null phenotype showed a significantly different distribution
between the two groups with an evident increase in hyper-
tensive individuals (P < 0.001), taking into account the
Bonferroni corrected significance level (o« = 0.008). Sub-
jects with the GSTT1 null phenotype had a 2.24-fold
increased risk of EH when compared with control subjects
[adjusted OR 2.24 (1.43-3.50)]. When the GSTT1 pheno-
type distribution was stratified for sex, two different situa-
tions can be observed. Male individuals did not show a
significant association between the GSTT1 null phenotype
and EH [adjusted OR 1.66 (0.74-3.74)]. Conversely, in
female individuals, the GSTT1 phenotype distribution
showed significant differences between hypertensive
patients and healthy controls: subjects with the GSTT1 null
phenotype had a 3.25-fold increased risk of EH when com-
pared with control subjects [adjusted OR 3.25 (1.78-5.95)].

Discussion

GSH is an important hydrophilic antioxidant and an
essential cofactor for different enzymes like GSTs [4].
GSTs are phase II enzymes involved in xenobiotics
metabolism, which occurs after these compounds are
activated by phase I enzymes [24]. GST genetic
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polymorphisms imply variations in enzyme activities that
can result in oxidative stress susceptibility through altera-
tions in GSH metabolism [25]. In humans as well as in
animal models, a significant body of data has been accu-
mulated linking mutant expression of GSTs with the
development and expression of several complex diseases
[7, 8]. Different studies of hypertension have investigated
the role of GST variants in BP regulation, but the results
are conflicting [9-15]. The aim of this study is to verify the
possible association between six GST gene polymorphisms
and EH in an Italian population sample.

The data presented show that only the GSTT1 null pheno-
type was significantly associated with EH. Additionally, the
results for the GSTO genes (GSTOI1*A140D and
GSTO2*N142D) represent the first attempt to analyze this
GST class in relation to BP regulation. Naturally, further
independent studies will be required to rule out a possible
association between GSTO enzymes and arterial hypertension.

The significant association between the GSTTI1 null
phenotype and EH was confirmed by logistic regression
analysis, proving that the confounding variables examined
did not influence this association. Our result is in agree-
ment with some previous studies [9, 11, 12, 15] but conflict
with some others [10, 13, 14]. The heterogeneity in the
outcomes for the GST genes and BP could be due to
extreme gene—environment interactions that characterize
the hypertensive phenotypes but could also be related to the
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Table 3 Association between GST variants with hypertension, after adjustment for various confounders in overall individuals and in sex-

stratification

Univariate OR (95% CI)

Adjusted” OR (95% CI)

Adjusted” OR (95% CI)

Overall individuals
GSTAI
—69T allele®
—69T/—69T genotype®
GSTM1
Null phenotype
GSTO1
D140 allele®
D140/D140 genotype’
GSTO2
D142 allele®
D142/D142 genotype®
GSTP1
V105 allele®
V105/V105 genotype’
GSTT!
Null phenotype
Female
GSTAI
—69T allele®
—69T/—69T genotype*
GSTM1
Null phenotype
GSTO1
D140 allele®
D140/D140 genotype®
GSTO2
D142 allele®
D142/D142 genotype®
GSTP1
V105 allele®
V105/V105 genotype®
GSTT!
Null phenotype
Male
GSTAI
—69T allele®
—69T/—69T genotype*
GSTM1
Null phenotype
GSTO1
D140 allele®
D140/D140 genotype®
GSTO2
D142 allele®
D142/D142 genotype’

1.03 (0.69-1.52)
0.98 (0.56-1.71)

1.03 (0.69-1.51)

0.70 (0.47-1.05)
0.65 (0.33-1.29)

0.87 (0.91-1.37)
0.61 (0.33-1.11)

1.10 (0.74-1.62)
0.80 (0.37-1.75)

2.15 (1.44-3.21)

1.15 (0.70-1.89)

0.61 (0.29-1.26)

1.06 (0.64—1.76)

0.74 (0.45-1.23)
0.71 (0.25-2.00)

0.74 (0.44-1.25)
0.50 (0.22-1.15)

1.03 (0.63-1.70)
0.48 (0.16-1.40)

2.53 (1.51-4.26)

0.83 (0.44-1.58)

2.40 (0.87-6.63)

1.18 (0.62-2.22)

0.64 (0.34-1.22)
0.54 (0.22-1.34)

1.13 (0.59-2.18)
0.48 (0.19-1.21)

1.00 (0.67-1.49)
1.01 (0.57-1.79)

1.05 (0.71-1.56)

0.72 (0.48-1.07)
0.64 (0.32-1.28)

0.84 (0.55-1.28)
0.55 (0.30-1.03)

0.90 (0.60-1.35)
0.84 (0.38-1.87)

2.10 (1.39-3.17)

1.11 (0.66-1.85)

0.61 (0.29-1.29)

0.96 (0.57-1.59)

0.75 (0.45-1.27)
0.87 (0.30-2.55)

0.73 (0.42-1.24)
0.63 (0.28-1.46)

0.98 (0.58-1.64)
0.45 (0.15-1.36)

2.80 (1.63-4.81)

0.75 (0.39-1.47)

2.42 (0.84-6.91)

1.19 (0.62-2.29)

0.66 (0.34-1.27)
0.48 (0.19-1.25)

1.08 (0.54-2.16)
0.48 (0.19-1.24)

1.04 (0.68-1.60)
1.07 (0.58-1.95)

1.01 (0.67-1.53)

0.63 (0.41-1.04)
0.71 (0.33-1.49)

0.83 (0.53-1.29)
0.73 (0.38-1.40)

0.79 (0.52-1.23)
0.83 (0.36-1.93)

2.24 (1.43-3.50)

1.15 (0.66-2.01)

0.55 (0.24—1.24)

0.88 (0.51-1.51)

0.66 (0.37-1.17)
0.95 (0.30-3.05)

0.69 (0.38-1.23)
0.90 (0.36-2.25)

1.02 (0.59-1.75)
0.40 (0.12-1.30)

3.25 (1.78-5.95)

0.97 (0.43-2.18)

2.69 (0.90-8.08)

1.16 (0.52-2.56)

0.53 (0.24-1.17)
0.71 (0.23-2.21)

0.88 (0.38-2.03)
0.81 (0.25-2.59)

@ Springer



232

Mol Cell Biochem (2011) 357:227-233

Table 3 continued

Univariate OR (95% CI)

Adjusted® OR (95% CI) Adjusted® OR (95% CI)

GSTP1
V105 allele®
V105/V105 genotype®
GSTTI
Null phenotype

1.24 (0.66-2.33)
1.68 (0.47-5.99)

1.62 (0.86-3.07)

1.32 (0.69-2.55)
2.44 (0.63-2.22)

1.45 (0.72-2.98)
3.66 (0.78-17.53)

1.38 (0.71-2.68) 1.66 (0.74-3.74)

% Adjusted for age, sex, BMI and active smoking. b Adjusted for age, sex, BMI, active smoking, passive smoking, vegetable intake, fruit intake,
psychological stress, type of work and physical activity. © Dominant genetic model (wt/mut + mut/mut vs. wt/wt); ¢ Recessive genetic model

(mut/mut vs. wt/mut + wt/wt)

difference in the selection of cases and controls. Our study
is focused on EH whereas most GST studies are focalized
on hypertensive phenotype. Therefore, independent studies
are necessary to verify these results on EH.

Moreover, in sex-based analysis, only female individuals
confirmed a significant association between the GSTT1 null
phenotype and EH. This result could be due to the differ-
ences between sexes in the pathophysiology and risks of
EH. Before the menopause, there are obvious hormonal
differences between the sexes and it is now known that after
the menopause, the arterial tree ages differently [26].
Moreover, in the genetics of hypertension several studies
have reported sex-specific effects of gene variants and gene-
by-sex interactions in human hypertension [27-30]. One
potential mechanism by which the GSTT1 null phenotype
might contribute to EH in females is that this variant could
increase the sensibility of cells to xenobiotics (i.e., contra-
ceptive agents) and to oxidative stress (i.e., menopause
effects). Although this is consistent with the fact that
females have some sex-specific primary causes of hyper-
tension [26], more studies will be necessary to demonstrate
the possible interaction with the GSTT1 null phenotype.
The association of genetic polymorphisms with complex
polygenic disorders, such as hypertension, is strongly
influenced by ethnicity, environmental factors, differences
in the selection of cases and controls, sample size, age,
BMI, and other ecological factors [31]. Moreover, among
confounding variables, socioeconomic status could have a
strong impact on gene-candidate studies. Indeed, several
modifiable socioeconomic determinants, such as education
and occupation, are associated with hypertension and, the
awareness of hypertension, prevention, control, accessibil-
ity, and adherence to medical treatment differ significantly
among socioeconomic groups [32]. Therefore, the analysis
of socioeconomic status could explain some conflicting
results of hypertension genetic studies.

Finally, future studies of large size samples should focus
on interactions of GST genes with environmental oxidative
exposure and with other genes involved in pathophysio-
logical pathways to explain the role of GST gene poly-
morphisms in hypertension status.
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