DARU Volume 14, No. 2, 2006
82

POLYMORPHISM OF ANGIOTENSIN II TYPE 1RECEPTOR GENE IN
ESSENTIAL HYPERTENSION IN IRANIAN POPULATION

3JAVAD BEHRAVAN, MASIH NAGHIBI, *MOHAMMAD ALI MAZLOOMI,
'"MITRA HASSANY

'Biotechnology Research Center, “Department of Internal Medicine, Imam Reza (A)
Hospital, *Pharmaceutical Biotechnology Laboratory, School of Pharmacy, Mashhad
University of Medical Sciences, Mashhad, Iran

ABSTRACT

Renin angiotensin system (RAS) has an important role in the regulation of hypertension. RAS includes
angiotensinogen, Angiotensin Converting Enzyme (ACE), angiotensine II and angiotensin receptors
(AGTR). Angiotensin receptors have several types but ATIR is the main subtype. In this study the effect
of A1166—C polymorphism of ATIR gene and the role of possible genetic differences in hypertension
was investigated. DNA of the whole blood leukocytes from hypertensive patients and healthy people of
Mashhad population as control, were extracted and then PCR was performed on prepared samples
followed by amplification of the target fragments which were then digested with the Ddel restriction
enzyme. Data were classified on the basis of genotypes and gender and then alleles and genotypes
frequencies were analyzed statistically. There were no significant differences in the genotype, and allele
frequencies between hypertensive and normotensive subjects. However, frequency of C allele of ATIR
gene in hypertensive women was significantly higher than normotensive women (P<0.05). These results
suggest that C allele of ATIR gene may be an important risk factor for essential hypertension in women.
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INTRODUCTION
Cardiovascular diseases are increasing in epidemic
proportions in developing countries and are the
leading cause of death in industrialized countries
(1, 2). The main risk factors, such as arterial
hypertension, diabetes mellitus and
hyperlipidemia are affected by genetic and
environmental factors. Rennin-angiotensin system
genes are among the most important factors for
investigation of the cause of hypertension.
Angiotensin II acts mainly via the angiotensin II
type 1 receptor (AT1R) as a potent vasoconstrictor
which regulates vascular tone and systemic blood
pressure. A polymorphism in the 3’-untranslated
region of ATIR gene (A1166C) has been linked
with essential hypertension (3-7). It also affects
responses to losartan (8) antidepressants (9) and
angiotensin II (10). While this gene polymorphism
is associated with cardiac hypertrophy (11) and
increased artery vasoconstriction (12, 13), it is
difficult to interpret this association since the
polymorphic variation is found in the non coding
region of the gene. Recently it has been suggested
that the A1166C polymorphism may be involved
in the regulation of the expression of ATIR gene
(8). Interestingly a weak but significant linkage
disequilibrium with a polymorphism in the
promoter region of the ATIR gene and
ATI1R/A1166C has also been reported (14).

Interethnic differences in cardiovascular diseases
indicate the need to examine the association of
ATIR gene polymorphism and hypertension in
other populations. The present study was con-
ducted to determine relationship between essential
hypertension and ATIR polymorphism in Iranian
population.

MATERIALS AND METHODS
The DNA amplification reaction was performed
using a Touchgene Gradient Thermal Cycler
(Techne, Cambridge, England). All enzymes and
chemicals used in this study were of molecular
grade, either from Sigma, MBI Fermentas, or
Promega.

Patients

The hypertensive group was 74 subjects
consisting of 41 men and 33 women. Using
clinical and laboratory examinations, secondary
forms of hypertension were excluded from this
study. The control group was 91 normotensive
subjects consisting of 54 men and 37 women. The
control group had no family history of
cardiovascular diseases. Demographic, clinical

characteristics and blood chemistry data were
obtained from questionnaires, and by clinical and
laboratory examinations.
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Genotyping

Genomic DNA was isolated from peripheral blood
leukocytes using a standard protocol (15). All The
polymorphism studies of ATIR gene were
conducted by polymerase chain reaction (PCR).
The primer design and reported polymorphisms
were in the order of the genomic sequence of
GenBank entry AF245699 (NCBI). The A1166C
variant of the ATIR gene was identified with
primers: 5’-GCACCATGTTTTGAGGTTG -3' as
the forward and 5'-CGACTACTGCTTAGCATA-
3' as the reverse primers under the conditions
described elsewhere (16, 17). Briefly, for a 50 uL
PCR, the reaction contained 200 ng genomic
DNA, 200 pmol/l of each of dNTPs (dATP,
dCTP, dGTP and dTTP), 250 ng of each primer,
1.5 mmol/1 magnesium chloride and 1 U Tagq
DNA polymerase (MBI Fermentas). PCR
amplification consisted of an initial 5 min
denaturation at 94 °C, followed by 35 cycles of
denaturation at 94 °C for 30 s, annealing at 55 °C
for 30 s, and extension at 72 °C for 60 s. The
terminal extension was performed at 72 °C for 10
min. The PCR product was digested with the Ddel
restriction enzyme (Promega). Digested products
were separated by agarose gel electrophoresis and
visualized directly under UV light after staining
with ethidium bromide. Undigested 540 bp
fragment indicated the presence of the A allele
and, appearance of two bands at 110 and 430 bp
represented the C allele.

Statistical analysis

Statistical analysis using Instat version 3 included
the y test for genotype and allele frequencies
comparison. Mean values were compared between
hypertensive and control subjects by the unpaired
student’s t- test. A level of P < 0.05 was
considered statistically significant.

RESULTS
In vitro DNA amplification of the ATIR gene
using the specific primers resulted in a 540 bp
DNA product (Figure 1A). On digestion of the
amplified fragment (amplicon) with Ddel
restriction endonuclease, DNA fragments of 540
(AA), 430 (CC) or 540 and 430 (AC) bp length
were observed. Thus each of samples revealed one
of the three different electrophoretic patterns
(Figure 1B). Frequencies of the AA, AC and CC

genotypes were 424, 109 and 1.8 in
normotensives and 30.3, 12.1 and 2.5 in
hypertensives, respectively. Frequencies for

genotypes and alleles in the study population are
presented in Table 1. The clinical and biochemical
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parameters of the control and hypertensive
subjects are shown in Table 2. When the study
subjects were divided into male and female
subgroups, the distribution of the A1166C
genotype were different significantly in females
(P = 0.033), but there were no differences in
males (Table 3). Frequency of ATIR C allele
carriers was found higher in female hypertensives
than controls (8.4 % vs 3.7 %, P = 0.033). In male
subjects this ratio was 6.3% in hypertensives and
8.9% in controls (Table 3, P =0.99).

DISCUSSION
Hypertension is one of the major risk factors for
cardiovascular diseases. The prevalence of
hypertension is increasing worldwide (1).
According to a recent study, in some cities of Iran,
the incidence of hypertension is relatively high,
ranging from 7.7 % in Boshehr up to 28.8 % in
Hamadan (18). In the city of Isfahan, hypertension
was found to affect 16.8% males and 19.4%
female subjects (18). Another study conducted in
Tehran between 1999 and 2000 indicated that
among the population studied, 23% of women and
20% of men were hypertensive (19).
Human essential hypertension has been linked to
genetic and environmental factors with genetic
susceptibility being responsible for 30 to 50 % of
the phenotype expression (20). Many poly-
morphisms of the ATIR gene have been reported,
where an A to C substitution at position 1166
being the most widely studied (3, 21-23).
Genetic studies have indicated that in many ethnic
populations the substitution of cytosine for
adenine at position 1166 was associated with
susceptibility to essential hypertension (3, 4, 23-
25). No data has been reported so far on the
possible effect of A1166C polymorphism of the
ATIR gene on the blood pressure of Iranians.
In this study, the association between ATIR gene
polymorphism (A1166C) and hypertension in an
Iranian population in Mashhad was investigated. It
was found that female subjects with C1166 allele
had a higher genetic predisposition to
hypertension compared to AA homozygotes.
However, this association was not observed in the
male population. These results seem to be
consistent with the previous reports that indicated
an association between C1166 and essential
hypertension. The C allele of the A1166C
polymorphism has been shown by several studies
to be associated with the severe form of essential
hypertension, but the role of this polymorphism is
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still ambiguous in pathologies related to high  Angiotensin II levels, such as deterioration of
Tablel. Frequencies of genotypes and alleles in the whole population

Hypertensive (%) Controls (%)
Genotype frequencies
AA 50 (30.3) 70 (42.4)
AC 20 (12.1) 18 (10.9)
CcC 4 (2.5) 3(1.8)
Significance 1= 1.85 P=0.39>0.05 NS
Allelic frequencies
A allele 120 (36.4) 158 (47.9)
C allele 28 (8.5) 24 (7.3)
Significance 1 1= 2-02 P=0.155>0.05 NS

Values are counts, with the relative percentage of each group in parentheses. Instat version 3 was used

for statistical analyses between hypertensive and control subjects. A level of P < 0.05 was considered
statistically significant.

Table 2. Mean clinical and biochemical characteristics of ATIR genotypes in total subjects

Hypertensive cases Controls
Women Men Women Men

AA AC__ CC AA__AC__ CC AA__AC__ CC AA_ AC__ CC
‘?;D’S 585 527 54 546 49.0 50.0 449 425 443 446 38
Choleterol 231 218 244 229 240 226 206 237 - 202 182 216
(mg/dL)
LDL-Cholestrol 15 135 505 148 137 111 133 142 129103 176
(mg/dL)
HDL-Cholestrol 44 45 49 42 42 46 47 38 - 49 53 34
(mg/dL)
Triglyceride 178 197 157 136 117 342 164 117 - 177 157 98
(mg/dL)

*not available

Values are mean measures for each biological parameter. LDL and HDL indicate low-density lipoprotein
and high-density protein respectively.

Table 3. Distribution of A1166C variants of AT1R in the study population

Hypertensive (%) Controls (%) Significance |
Genotypic AC cC AA AC cc X P
frequencies:
Men 30 10 1 39 13 2 ol 0.94
(total 95)  (31.5)  (10.5) (L.1) @Ly 137 @ : (NS)*
Women 20 10 3 31 5 1 483 0.09
(total 70)  (28.8)  (14.3) (4.3) (44.3) (7.1) (1.4) : (NS)
Allelic A Allele C Allele A Allele C Allele X P
variation
70 12 91 17 43x 0.99
Men 5
(36.8) (6.3) (47.9) (8.9) 10 (NS)
50 16 67 7 0.033
Women (26.3) (84) (35.3) 3.7) 4.33 (S)**

* Not significant
** Significant

Values are counts, with the relative percentage of each group in parentheses. Instat version 3 was used for

statistical analyses between hypertensive and control subjects divided by gender. A level of P < 0.05 was
considered statistically significant.
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Figure 1. A. Amplification of the 540 bp fragment of human ATIR gene. The first lane from left is DNA ladder
marker and all the other lanes represent the 540 bp PCR product (amplicon). B. A1166C polymorphism of the ATIR
gene. DNA ladder marker in central lane is labeled. The photo shows all three genotypes obtained from study cases
(AA, AC and CC) seen on the ethidium bromide-stained gel. These patterns were observed in both control and
patient groups with the frequencies reported in Tables 1 and 3. The homozygous (AA) has a band of 540 bp, the
homozygous (CC) has a band of 430 bp and the heterozygous (AC) has two band

renal function, arterial stiffness and hypertrophic
cardiomyopathy  (5,8,26).  The  molecular
mechanism of involvement of the C to A
substitution in ATIR gene in hypertension is still
not clear, since the variable nucleotides are
located in the 3’ untranslated region of the gene
(21). It is suggested that this polymorphic
variation could be involved in the regulation of
ATIR gene expression (8). It has been
demonstrated that a weak but significant linkage
disequilibrium between A1166C poly-morphism
with a polymorphism (810AV) in the promoter
region of the ATIR gene suggesting that the
A1166C polymorphism could be associated with
regulation of expression of ATIR gene (14).
Substantial evidence has been gathered that
indicate there is gender difference in RAS activity
which may account for differences in blood
pressure of men and women (16, 17, 27, 28).
Some components of the RAS are regulated by
estrogen as the angiotensinogen gene promoter
and demonstrate estrogen-responsiveness (29).

It has been suggested that there is interaction
between gender and A1166—C gene poly-

morphism which affects blood pressure. The allele
C1166 has been reported to be linked with
preeclampsia (30). It was shown that the AC/CC
genotype was associated with higher blood pres-
sure values than the AA genotype in women (17).

CONCLUSION

In summary, an increased risk for hypertension in
women carrying the C1166 allele was observed.
The number of participants (patients and controls)
included in this study is probably not enough to
draw definite conclusions. However these results
are in agreement with previously reported
association between A1166C polymorphism of
ATIR gene and risk of the development of
hypertension in females. Further studies on larger
population samples and other ethnic groups will
be useful for elucidation of the linkage between
ATIR polymorphism and risk of hypertension.
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