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ABSTRACT: There are reported associations between a polymorphism of the angiotensin II type 1 receptor 

(AGTR.1/A1166C) gene and hypertension in some populations. To determine if the single nucleotide 

polymorphism (SNP) A1166C in AGTR.1 is associated with hypertension in Aleppo, we recruited twenty-eight 

patients with hypertension and thirty-five healthy subjects as the control group. The AGTR.1 polymorphism was 

assessed using a polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) based 

method. Results: The genotypic frequency of AA was 88.9%, that for AC was 11.1% and no CC type was 

detected. There was no significant difference in genotype and allele frequencies between hypertensive and non-

hypertensive patients (p>0.05). Our results indicated that AGTR.1 A/C1166 polymorphism was not associated 

with hypertension in Syrian population. 
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1. INTRODUCTION 

Human essential hypertension is thought to result from the interaction of environmental and genetic 

factors, with approximately 30% of the interindividual variability in blood pressure being genetically 

determined [1]. The renin-angiotensin system is an important component of blood pressure regulation, playing 

roles in saltwater homeostasis and vascular tone [2], and has been suspected to be involved in hypertension. In 

the RAS Cascade, renin is released in response to certain stimuli into the circulation and acts on 

angiotensinogen. Renin cleaves angiotensinogen to produce angiotensin I (Ang I). Ang I has no biological 

action in itself, but is converted to angiotensin II (Ang II), by the angiotensin-converting enzyme (ACE), an 

enzyme present on the cell surface of many cells and particularly on vascular endothelial cells. Finally, Ang II 

will bind to specific cell surface angiotensin-receptors to elicit multiple actions. Two main cell surface receptors 

to Ang II have been identified: AGTR.1 and AGTR.2. Both the AGTR.1 and AGTR.2 have been cloned and 

belong to the superfamily of G protein-coupled receptors that contain seven transmembrane regions. The 

AGTR.1 mediates all of the classical actions of Ang II (vasoconstriction, sodium retention, cell growth and 

proliferation). AGTR.2 promote vasodilatation, cell differentiation, inhibition of cell growth and apoptosis, and 

may play a counterbalancing role to the effects of Ang II on AGTR.1 [3].The cellular effects of angiotensin II in 

adult humans are mainly mediated by the angiotensin type 1 receptor. The angiotensin II type 1 receptor 

(AGTR.1) gene has been cloned and mapped to the long arm of human chromosome 3 (3q21-q25) [4] While this 

gene polymorphism is associated with cardiac hypertrophy [5] and increased artery vasoconstriction [6, 7], 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 AGTR.1 gene [8]. Interestingly a weak but significant linkage disequilibrium with a 

polymorphism in the promoter region of the AGTR.1 gene and AGTR.1/A1166C has also been reported [9]. 
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The aim of this study was to determine the associations of the AGTR.1 A1166C marker with hypertension in 

Syria (Aleppo). 

 

2. MATERIALS AND METHODS 

The A1166C polymorphism in the 3` untranslated region of the AGTR.1 gene was determined using 

the method of Doria et al. [10]. The DNA amplification reaction was performed using PCR Thermal Cycler 

Dice™, Gradient Model (TaKaRa, Japan). All enzymes and chemicals used in this study were of molecular 

grade; Taq DNA polymerase (Thermo, USA) and DdeI (HpyF3I) restriction enzyme (Thermo, USA). 

 

2.1. Patients 

The study was performed with randomly recruited subjects from different areas in Aleppo, Syria. The 

hypertensive cohort was selected of at least 1 year duration and with antihypertensive treatment. Ages between 

37-73 and a positive family history defined as the presence of at least one first-degree relative suffering from 

hypertension. None of them had diabetes mellitus, renal insufficiency or any primary causes and/or secondary 

hypertension. Although a larger number of individuals was initially screened, the inclusion criteria lead to a 

final number of 28 subjects (71/77 females/males) for the hypertensive cohort. The control group include 35 

healthy patients (71/22 females/males). Ages between 35-60 and no family history of hypertension and 

cardiovascular disease in this group. 

 

2.2. Genotyping 

To determine the angiotensin II type 1 receptor genotype, genomic DNA was extracted from whole 

blood using the GF-1 Blood DNA Extraction Kit (Vivantis, Malaysia). All the polymorphism studies of 

AGTR.1 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 AGTR.1 gene was identified with primers: 5’-

GCACCATGTTTTGAGGTTG -3' as the forward and 5'-CGACTACTGCTTAGCATA- 3' as the reverse 

primers. Briefly, for a 50 μL PCR, the reaction contained 200 ng genomic DNA, 200 μmol/l of each of dNTPs 

(dATP, dCTP, dGTP and dTTP), 250 ng of each primer, 3 mmol/l magnesium chloride and 1 U Taq DNA 

polymerase. 

 

The polymerase chain reaction (PCR) process involved 5 minutes of denaturation at 94℃, followed by 

35 cycles of 60 seconds denaturation at 94℃, 60 seconds annealing at 56.5℃ and 90 seconds extension at 72℃. 

The terminal extension was performed at 72 ℃ for 10 min. This resulted in a 546 bp PCR product. The PCR 

product was digested with the DdeI restriction enzyme. Digested products were separated by agarose gel 

electrophoresis on 2.5% agarose and visualized directly under UV light after staining with ethidium bromide 10 

mg\ml (Vivantis, Malaysia). Undigested 546 bp fragment indicated the presence of the A allele and, appearance 

of two bands at 111 and 435 bp represented the C allele.  

 

2.3. Statistical analysis 

Statistical analyses were performed using the SPSS® Statistics 22 IBM®, included the Logistic 

Regression test for genotype and allele frequencies comparison. A level of P<0.05 was considered statistically 

significant.  
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3. RESULTATS 

In vitro DNA amplification of the AGTR.1 gene using the specific primers resulted in a 546 bp DNA 

product (Fig. 1). The PCR products were digested with the DdeI restriction enzyme. The 1166C AGTR.1 allele 

contains a recognition site for the restriction endonuclease, DdeI, so that digestion of the PCR product with DdeI 

yields 435 bp and 111 bp fragments. The 1166A AGTR.1 allele does not contain a recognition site for the 

restriction endonuclease, DdeI, so that the 546 bp amplicon remains unaltered after incubation with DdeI [11, 

12]. Thus, each of samples revealed one of the three different electrophoretic patterns (Fig. 2). Frequencies of 

the AA and AC/CC genotypes and alleles in the study population are presented in Table 1. 

 

Fig. 1 Amplification of the 546 bp fragment of human AGTR.1 gene. M, VC 100 bp Plus DNA 

ladder; Lane 1 to lane 5 represent the 546 bp PCR product (amplicon). 

 

Fig.2 A1166C polymorphism of the AGTR.1 gene. M, 50 bp DNA ladder; Lane 1 546 bp band of 

the homozygous (AA); Lane 2, 546 bp, 435 bp and 111 bp bands of the heterozygous genotype 

(AC). 
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Table1. Genotype frequency distribution in hypertensive and control subjects for the A1166C 

polymorphism 

 

Total  Normotensive (%) Hypertensive (%) 

Genotype N=63 n=35 n=28 

AA 56 35 (62.5) 21 (37.5) 

AC/CC 7 0 (0) 7 (100) 

Allele N= 126 n= 70 n=56 

A 119 70 (58.8) 49 (41.2) 

C 7 0 (0) 7 (100) 

Given the small numbers of subjects carrying the C allele, subjects were divided into four groups, according to 

gender (male versus female) and genotype (AA versus AC/CC) 

Values are counts, with the relative percentage of each group. SPSS® Statistics 22 was used for statistical 

analyses between hypertensive and control subjects (Table 2). 

 

Table 2. Distribution of genotypes in the whole population 

 

Total Normotensive (%) Hypertensive (%) 

Male N=33 n=22 n=11 

AA 30 22 (66.70) 8 (24.20) 

AC/CC 3 0 (0.00) 3 (9.10) 

Female N= 30 n= 13 n=17 

AA 26 13 (43.30) 13 (43.30) 
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AC/CC 4 0 (0.00) 4 (13.30) 

 

We applied the Logistic Regression to test the association between Genotype, sex and hypertension (Table 3). 

 

Table 3. Logistic Regression Model Estimating Effects of genotype and gender on the 

susceptibility to hypertension 

 

Factor B SE Wald P-Value OR 

Genotype 21.717 14848.006 .000 .999 Exp (21.717) 

gender 1.012 .569 3.156 .076 2.750 

Constant -1.012 .413 6.004 .014 .364 

 

We did not find any association between Genotype and Hypertension (P>0.05) (Table 3). 

 

 

 

We also applied the Logistic Regression to test the association between Allele, sex and hypertension. Values are 

counts, with the relative percentage of each group (Table 4). 

 

Table 4. Distribution of Alleles in the whole population. 

 

Total  Normotensive (%) Hypertensive (%) 

Male N=66 n=44 n=22 

A 63 44 (66.7) 19 (28.8) 

C 3 0 (0.00) 3 (4.5) 
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Female N= 60 n= 26 n=34 

A 56 26 (43.3) 30 (50.0) 

C 4 0 (0.00) 4 (6.7) 

 

 

Table 5. Logistic Regression Model Estimating Effects of allele C and gender on the 

susceptibility to hypertension 

 

Factor (B) SE Wald P-Value OR 

Allele 21.552 14833.464 .000 .999 2291417502.962 

gender .983 .384 6.565 .010 2.672 

Constant -.840 .275 9.358 .002 .432 

 

We did not find any association between allele and Hypertension (P>0.05), but we find there is a significantly 

differential between sex and hypertension (p<0.05) which mean that women is more susceptible to hypertension 

than men by nearly 2.5 times (p=0.010<0.05, OR=2.672) (Table 5). 

In the present study, the prevalence of the AC genotype (25%) was observed within the hypertensive population, 

while in normotense subjects it was 0%. No homozygote CC genotype was observed (Table 6). Fig. 3 shows the 

genotype distribution in both hypertensive and normotensive subjects. 

Table 6. Frequency of the genotypes of the angiotensin II type 1 receptor A1166C 

 

Normotensive (%) Hypertensive (%) 

Genotype 

AA 35 (100) 21 (75) 

AC 0 (0.00) 7 (25) 

CC 0 (0.00) 0 (0.00) 

 



International Journal of Academic Scientific Research   

ISSN: 2272-6446 Volume 4, Issue 1 (February - March 2016), PP 66-75 

 

www.ijasrjournal.org                                                          72 | Page 

 

 

Fig 3. Genotype distribution according to hypertensive and normotensive subjects. 

When all the subjects analyzed were re-arranged according to their genotype in the present study, the AGTR.1 

genotype frequencies observed were (AA= 88.9%, AC= 11.1% and CC=0%) as shown in Fig. 4. 

  

Fig 4. Genotype distribution in the study population 

Frequency of the C1166 allele observed in this study (0.05) and Frequency of occurrence of the C1166 allele 

was higher among patients with hypertension (0.25) than in the control group (0).  

4. DISCUSSION 

Hypertension is one of the major risk factors for cardiovascular diseases. The prevalence of 

hypertension is increasing worldwide [13]. According to a recent study, One billion of the world’s population 

has hypertension, resulting in four million deaths per year [14]. Data on the prevalence of hypertension in the 

Arab world are very limited. Only 13 studies were found in the literature from 10 Arab countries. The overall 

estimated prevalence of hypertension was 29.5% that indicates a similar prevalence of hypertension among 

Arabs compared to people from the USA (28%) and sub-Saharan African (27.6%) [15, 16]. The prevalence of 

hypertension was found to increase with age, occurring more frequently in Arab women [15, 17]. 
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Human essential hypertension has been linked to genetic and environmental factors with genetic 

susceptibility being responsible for 30 to 50 % of the phenotype expression [18]. Many polymorphisms of the 

AGTR.1 gene have been reported, where an A to C substitution at position 1166 being the most widely studied 

[19-22]. 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 [19, 22-25]. The present study is the 

first study performed in Syrian population of hypertensive patients. Restriction of the selection criteria for 

individuals with other causes of hypertension strengthened the correlation between AGTR.1 gene polymorphism 

and hypertension. 

 

The A1166C polymorphism is located in a 3`-untranslated region (3`-UTR) of the gene and it has been 

proposed that the frequency of the C allele is increased in patients with hypertension. The potential role of the 

AGTR.1 gene in predisposition to hypertension is controversial. Since Bonnardeaux et al. [19] in 1994 reported 

higher prevalence of the C1166 allele among hypertensive than among normotensive subjects, a large number of 

studies have explored the relationship between AGTR.1 gene polymorphism and hypertension.  

 

In the present study, we did not observe any significant difference between hypertensive and non-

hypertensive patients in genotypes nor in their allele frequencies. The lack of association might be due to low 

sample size and type 2 error (low power to detect association). Previously, several studies have reported an 

association between A1166C polymorphism and hypertension, and higher frequencies of this SNP have been 

observed in hypertensive patients [25-27]. However, these results have not been well consistent. In some 

studies, subjects with CC genotype have been reported with lower blood pressure and cardiovascular risk [28, 

29], while others have shown higher frequency of C allele or CC genotype among hypertensive subjects [25, 30, 

31]. 

Furthermore, some other studies also failed to report any significant difference in genotype distribution 

between hypertensive and normotensive subjects or any significant association between A1166C polymorphism 

and hypertension [32-35]. 

 

5. CONCLUSION 

In conclusion, investigation of the AGTR.1 A/C1166 polymorphism in a population in whom we have 

previously examined other major polymorphisms in Renin–Angiotensin System demonstrated the lack of an 

association with any clinical manifestations related to hypertension. 

 

These observations are of interest for further studies in a larger population. Unfortunately, this study 

was designed to be cross-sectional with a restricted number of subjects. More studies with a prospective design 

and a larger number of subjects are needed to confirm our data. In addition, only a single gene effect was 

considered in our study. A complex genotype like that for hypertension would require the combined effects of 

more than two genes.  

 

In addition, no CC genotype was detected in our study group so the sole effect of the C allele could not 

be determined. The role of other factors that can affect blood pressure, such as personal habits and 

environmental factors need to be more investigation to clarify this subject. 

 

Acknowledgments 

The authors are indebted to faculty of pharmacy, University of Aleppo, Syria for approval and financial 

support of this project. We also would like to thank Dr. Mahmoud Malhis (the professor of medicine and 



International Journal of Academic Scientific Research   

ISSN: 2272-6446 Volume 4, Issue 1 (February - March 2016), PP 66-75 

 

www.ijasrjournal.org                                                          74 | Page 

 

cardiology in Aleppo University) and Dr. Nour Zakoor (the supervisor of Bank Al-Dawaa) for their help in 

providing subjects for this study. 

 

REFERENCES 

[1] R. Ward, Familial aggregation and genetic epidemiology of blood pressure, in Laragh JH, Brenner BM (Ed.), Hypertension: 

Pathophysiology, Diagnosis and Management (New York, Raven Press, Publishers, 1990) 81-100. 
[2] J.E. Hall, A.C. Guyton, Control of sodium excretion and arterial pressure by intrarenal mechanisms and the renin-angiotensin 

system, in Laragh JH, Brenner BM (Ed.), Hypertension: Pathophysiology, Diagnosis and Management (New York, Raven Press, 

Publishers, 1990) 1105-1129. 
[3] J.P. Montani and B.N. Van Vliet, General physiology and pathophysiology of the renin-angiotensin system, in Unger T, 

Schölkens BA (Ed.), Angiotensin II (Heidelberg, Springer, 2004) 8. 
[4] K.M. Curnow, L. Pascoe and P.C. White, Genetic analysis of the human type-1 angiotensin receptor, Mol Endocrinol, 6, 1992, 

1113-8. 

[5] A.P. Osterop, M.J. Kofflard, L.A. Sandkuijl, F.J. ten Cate, R. Krams, M.A. Schalekamp et al, AT1 receptor A/C1166 
polymorphism contributes to cardiac hypertrophy in subjects with hypertrophic cardiomyopathy, Hypertension, 32(5), 1998, 825-

30. 

[6] C. Amant, M. Hamon, C. Bauters, F. Richard, N. Helbecque, E.P. McFadden et al, The angiotensin II type 1 receptor gene 
polymorphism is associated with coronary artery vasoconstriction, J. Am. Coll. Cardiol, 29(3), 1997, 486-90. 

[7] D. Henrion, C. Amant, J. Benessiano, I. Philip, G. Plantefeve, D. Chatel et al, Angiotensin II type1 receptor gene polymorphism 

is associated with an increased vascular reactivity in the human mammary artery in vitro, J. Vasc. Res, 35(5), 1998, 356-62. 
[8] S. Sookoian, G. Castano, S.I. Garcia, P. Viudez, C. Gonzalez and C.J. Pirola, A1166C angiotensin II type 1 receptor gene 

polymorphism may predict hemodynamic response to losartan in patients with cirrhosis and portal hypertension, Am. J. 

Gastroenterol, 100(3), 2005, 636-42. 
[9] J. Erdmann, K. Riedel, K. Rohde, I. Folgmann, T. Wienker, E. Fleck et al, Characterization of polymorphisms in the promoter of 

the human angiotensin II subtype 1 (AT1) receptor gene, Ann. Hum. Genet, 63 (Pt 4), 1999, 369-74. 

[10] A. Doria, L. Ji, J.H. Warren and A.S. Krolewski, Ddel polymorphism in the AGTR1 gene, Human Mol Gen, 3, 1994, 1444. 
[11] Y. Pei, J. Scholey and K. Thai, Association of angiotensinogen gene T235 variant with progression of immunoglobulin A 

nephropathy in Caucasian patients, J Clin Invest, 100, 1997, 814–820. 

[12] H. Reich, J. A. Duncan, J. Weinstein, D.C. Cattran, J.W. Scholey and J.A. Miller, Interactions between gender and the 
angiotensin type 1 receptor gene polymorphism, Kidney Int, 63, 2003, 1443-9. 

[13] R. Beaglehole, International trends in coronary heart disease mortality and incidence rates, J. Cardiovasc. Risk, 6(2), 1999, 63-8. 

[14] World Health Organization. Report on the Regional consultation on hypertension prevention and control, 2004. 

[15] K. Wolf-Maier, R.S. Cooper, J.R. Banegas, S. Giampaoli, H. W. Hense, M. Joffres et al, Hypertension prevalence and blood 

pressure levels in 6 European countries, Canada, and the United States, JAMA, 289, 2003, 2363–2369. 

[16] P.M. Kearney, M. Whelton, K. Reynolds, P. Muntner, P.K. Whelton and J. He, Global burden of hypertension: analysis of 

worldwide data, Lancet, 365, 2005, 217–223. 
[17] J. Addo, L. Smeeth and D.A. Leon, Hypertension in sub-Saharan Africa: a systematic review, Hypertension, 50, 2007, 1012–

1018. 

[18] P.B. Munroe and M.J. Caulfield, Genetics of hypertension, Curr. Opin. Genet. Dev, 10(3), 2000, 325-9. 
[19] A Bonnardeaux, E Davies, X Jeunemaitre, I Fery, A Charru, E Clauser et al. Angiotensin II type 1 receptor gene polymorphisms 

in human essential hypertension, Hypertension, 24, 1994, 63-9. 

[20] J.A. Duncan, J.W. Scholey and J.A. Miller, Angiotensin II type 1 receptor gene polymorphisms in humans: physiology and 
pathophysiology of the genotypes, Curr. Opin. Nephrol. Hypertens, 10(1), 2001, 111-6.  

[21] F. Paillard, D. Chansel, E. Brand, A. Benetos, F. Thomas, S. Czekalski et al, Genotype-phenotype relationships for the renin-

angiotensin-aldosterone system in a normal population, Hypertension, 34(3), 1999, 423-9.  
[22] K. Kainulainen, M. Perola, J. Terwilliger, J. Kaprio, M. Koskenvuo, A.C. Syvanen et al, Evidence for involvement of the type 1 

angiotensin II receptor locus in essential hypertension, Hypertension, 33(3), 1999, 844-9. 

[23] M. Perola, K. Kainulainen, P. Pajukanta, J.D. Terwilliger, T. Hiekkalinna, P. Ellonen et al, Genome-wide scan of predisposing 
loci for increased diastolic blood pressure in Finnish siblings, J. Hypertens, 18(11), 2000, 1579-85.  

[24] B. Agachan, T. Isbir, H. Yimaz, E. Akoglu, Angiotensin converting enzyme I/D, angiotensinogen T174M-M235T and 

angiotensin II type 1 receptor A1166C gene polymorphisms in Turkish hypertensive patients, Exp. Mol. Med, 35(6), 2003, 545-

549. 

[25] W.Y. Wang, R.Y. Zee and B.J. Morris, Association of angiotensin II type 1 receptor gene polymorphism with essential 

hypertension, Clin. Genet, 51(1), 1997, 31-4. 
[26] A. Stankovic, M. Zivkovic, S. Glisic and D. Alavantic, Angiotensin II type 1 receptor gene polymorphism and essential 

hypertension in Serbian population, Clin Chim Acta, 327, 2003, 181-5. 
[27]  G. Kobashi, A. Hata, K. Ohta, H. Yamada, E.H. Kato, H. Minakami et al, A1166C variant of angiotensin II type 1 receptor gene 

is associated with severe hypertension in pregnancy independently of T235 variant of angiotensinogen gene, J Hum Genet, 49, 

2004, 182-6. 
[28] M.R. Abdollahi, T.R. Gaunt, H.E. Syddall, C. Cooper, D.I.W. Phillips, S. Ye et al, Angiotensin II type I receptor gene 

polymorphism: Anthropometric and metabolic syndrome traits, J Med Genet, 42, 2005, 396-401.  

[29]  M. Castellano, M.L. Muiesan, M. Beschi, D. Rizzoni, A. Cinelli, M. Salvetti et al, Angiotensin II type 1 receptor A/C1166 
polymorphism: Relationships with blood pressure and cardiovascular structure, Hypertension, 28, 1996, 1076-80. 



International Journal of Academic Scientific Research   

ISSN: 2272-6446 Volume 4, Issue 1 (February - March 2016), PP 66-75 

 

www.ijasrjournal.org                                                          75 | Page 

 

[30] L. Tiret, A. Bonnardeaux, O. Poirier, S. Ricard, P. Marques-Vidal, A. Evans et al Synergistic effects of angiotensin-converting 

enzyme and angiotensin-II type 1 receptor gene polymorphisms on risk of myocardial infarction, Lancet, 344, 1994, 910-3. 
[31] Z. Jiang, W. Zhao, F. Yu and G. Xu, Association of angiotensin II type 1 receptor gene polymorphism with essential 

hypertension, Chin Med J, 114, 2001, 1249-51 

[32] D.K. Lahiri and J.I. J.r. Nurnberger, A rapid non-enzymatic method for the preparation of HMW DNA from blood for RFLP 
studies, Nucleic Acids Res, 19, 1991, 5444 

[33]  S. Schmidt, S. Beige, M. Walla-Friedel, M.C. Michel, A.M. Sharma and E. Ritz, A polymorphism in the gene for the 

angiotensin II type 1 receptor is not associated with hypertension, J Hypertens, 15, 1997, 1385- 8. 
[34]  K. Ono, T. Mannami, S. Baba, N. Yasui, T. Ogihara and N. Iwai, Lack of association between angiotensin II type 1 receptor 

gene polymorphism and hypertension in Japanese, Hypertens Res, 26, 2003, 131-4. 

[35]  J. Redon, M. Luque-Otero, N. Martell and F.J. Chaves, Renin-angiotensin system gene polymorphisms: relationship with blood 
pressure and microalbuminuria in telmisartan-treated hypertensive patients, Pharmacogenomics J, 5, 2005, 14-20 


