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Abstract 
 

Stroke is the leading cause of death and disability in the world after the cancer and cardiovascular diseases. Genetic 

factors are the main players to get stroke. Renin-angiotensin system contains candidate genes and polymorphisms 

for causing stroke. There are reported associations between stroke and angiotensin II type -1 receptor g. 1166A > C 

polymorphism (rs5186). Therefore in this study this association was investigated for the east Iranian population.  

This study is based on 201 stroke patients and 220 controls. To predict the genetic risk of stroke allele and genotype 

frequencies of angiotensin II type-1 receptor rs5186 were analyzed in this population according to stroke subtypes, 

gender, age, hypertension, diabetes mellitus, high and low density lipoprotein and triglycerides.  According to 

statistical analysis no significant difference was found between case and control groups. But there were a 

significant relevance between total cholesterol and stroke (p = 0.037). In this population angiotensin II type-1 

receptor g. 1166A > C polymorphism did not increase the risk of stroke. The main reason for this study is complex 

nature of gene-environment interactions in the pathophysiology of this disease. 
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Introduction  

 
Stroke has recognized as a multifactorial 

neurological disease, and is one of the most 
important causes of death and disability throughout 
the world (Deb Sharma and Hassan, 2010; Meschia 
et al., 2011). The question is that what is the 
molecular function of Stroke? And why people 
affected more and more with this disease. Each year 
795000 people were affected a new or recurrent 
with stroke (Roger et al., 2011). Renin-angiotensin 
system (RAS) contains candidate genes for causing 
stroke (Hassan and Markus, 2000). This system is 
one of the most important physiological pathways 
that play a role in the maintenance of blood 
pressure (Harrison-Bernard, 2009). Angiotensin 
plays an important role in RAS pathway.  
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Angiotensin I convert to angiotensin II by 
angiotensin converting enzyme (ACE).  
At least there are two main receptors for 
angiotensin II: angiotensin II type I receptor 
(AGTR1 or AT1R) and angiotensin II type II 
receptor (AGTR2). Angiotensin II is a primary 
regulator of aldosterone secretion and acts as a 
vasoconstrictor by binding to angiotensin II type 1 
receptor (Fyhrquist and Saijonmaa, 2008; Kobori et 
al., 2007). AT1R location is 3q23-25 as well as it 
contains more than 55 kb length and 5 exons 
between 59 to 2014 bp size ranges. First four exons 
encode a 5´untranslated region (Abdollahi et al., 
2005; Guo et al., 1994). The activated receptor 
couples to G-protein and thus effect on intracellular 
messengers including phospholipase C, Ca2+ and 
protein kinase C (Carey and Siragy, 2003). There 
are lot polymorphisms in RAS pathway genes’ 
(Gargano et al., 2009; Rupert et al., 2003; Wong et 
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al., 2008). During the last years, there has been 
considerable debates over the association of 
angiotensin II type-1 receptor g. 1166A > C 
polymorphism and risk of stroke, myocardial 
infarction and hypertension (Brenner et al, 2005; 
Hahntow et al., 2010; Léon H Henskens et al., 
2007; Lapierre et al., 2006; Rubattu et al., 2004; 
Takami et al., 2000). This polymorphism has been 
considered as a risk factor for stroke in several 
populations (Agachan al., 2003; Möllsten, 
Stegmayr et al., 2008; Szolnoki et al., 2006; 
Takami et al., 2000). In contrary, other studies have 
not pose AT1R 1166A > C as a risk factor for 
stroke (Hindorff et al., 2002; Zhang et al., 2010; 
Zhao et al., 2001). 
Stroke incidence in Iran is considerably great than 
most western countries (Azarpazhooh et al., 2010). 
In this regard, in the present study a population 
based case-control study has been used to 
prospectively investigate the association of 
AT1R/1166A > C and stroke in east Iranian 
population. 

 

Materials and Methods 

 

Study population 
In this study 201 randomly subjects were 

selected at the Ghaem hospital between March 
2012 and December 2013 according to the 
following criteria: clinical symptoms of a stroke 
based on world health organization definition for 
stroke and ages between 20 and 70. In the cases 
group of this case-control study there were 86 
males and 115 females. Stroke subtypes in subjects 
were determined by experienced neurologist 
according to the TOAST (Trial of ORG 10172 in 
Acute Stroke Treatment). To determine the type of 
stroke computed tomography (CT) scan and 
magnetic resonance imaging (MRI) was used. In 
the control group there were 96 males and 124 
females (220 controls) without any history and 
clinical evidence of cerebrovascular disease. In 
control and stroke patient groups biochemical 
analysis were measured. Both groups were matched 
in age, sex. Stroke risk factors containing 
hypertension, diabetes, ischemic heart disease 
(IHD), low density lipoprotein (LDL), high density 
lipoprotein (HDL), triglyceride and cholesterol was 
analyzed. Patients by fasting blood glucose ≥ 126 
mg/dl were diagnosed as diabetes mellitus. People 
with Hypertension were determined in Systolic 
blood pressure (SBP) ≥ 140 mmHg or diastolic 
blood pressure (SBP) ≥ 140 mmHg. 

 

DNA Extraction 
Venus blood was collected in tube containing 

ethylene diamine tetra acetic acid (EDTA). DNA 
was extracted from 200 µl of blood samples by 
PrimePrep Genomic DNA isolation kit from blood 
(catalog No K-2000; Genet Bio) and checked by 
1% agarose gel. Blood samples were stored at -
20ºC. 

 

Genotyping 
The AT1R/1166A > C polymorphism was 

identified using polymerase chain reaction-
restriction fragment length polymorphism (PCR-
RFLP). The forward primer was 5´-
AAAAGCCAAATCCCAC TCAA and the reverse 
primer was 5 -́CAG GACAAAAGCAGGCTAGG 
(21). PCR was carried out with an Applied 
Biosystems 2720 thermal cycler. PCR amplification 
was performed in 25 µl reaction volume containing, 
0.5 µl of DNA (40-80 ng), 0.4 µM of each primer, 
0.25 mM of dNTPs, 1.5 mM MgCl2 and 0.5 U Taq 
DNA polymerase. The PCR amplification 
conditions were as follows: initial denaturation at 
96 ºC for 120s, followed by 35 cycles of 30s at 96 
ºC, 30s annealing at 53 ºC, extension for 60s at 
72ºC and final extension for 10 minutes at 72 ºC. 
PCR products with 432bp length were analyzed on 
2% agarose gel. PCR products were digested by 
DdeI restriction endonuclease at 60 ºC overnight. 
Restriction fragment products were 58 and 374 bp 
for A allele and 58, 143 and 231 bp for C allele. 
Products were detected by electrophoresis on 3% 
agarose gel stained with ethidium bromide (Firure 
1). 

 
 

Figure 1. Restriction fragment products. 58 and 374 bp for 

A allele and 58, 143 and 231 bp for C allele. 

 

Statistical analysis 
The normality of numeric variables was assessed 

using Kolmogorov-Smirnov test and Deviation 
from Hardy-Weinberg equilibrium was tested by χ2 
test. Quantitative data were compared by Student's 
t-test and qualitative data such as genotypes and 
alleles were analyzed by the χ2 and Fisher's exact 
test. Allele frequencies and genotype distribution 
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between case and control groups were compared by 
χ2 test. Each stroke subtype was compared with 
their matched control subjects. Stroke risk factors 
were analyzed between both case and control 
groups. Two tailed pvalue of 0.05 was considered 
for data analyses. 

 

Results 

 
The demographic and clinical characteristics of 

the study population are shown in table 1.  
 

Table 1. Clinical characteristics of study participants 

Characteristics Cases Controls p-

value 

Age  
(mean ± SD) 

51.5 ± 13.8 50.3 ± 12.2 0.169 

Sex 

(male/Female) 

86/115 96/124 0.860 

Diabetes mellitus 

(n, %) 

57 (28.4) 45 (20.5) 0.055 

LDL 127.0 ± 34.5 121.1 ± 32.1 0.094 

HDL 40.8 ± 9.5 42.2±8.6 0.161 

Triglyceride 140.2 ± 93.1 142.3 ± 86.6 0.796 

Total Cholesterol 185.3 ± 45.9 190.3 ± 42.2 0.283 

 
Stroke subtypes distribution in case group was: 

Ischemic 111 (55.2%), hemorrhagic 66 (32.8%) and 
other subtypes 24 (11.9%). Risk factors for stroke 
such as hypertension, diabetes mellitus, total 
cholesterol, high and low density lipoprotein and 
triglycerides were analyzed between case and 
control groups and there were no significant 
different between them (p > 0.05). The Hardy-
Weinberg equilibrium was assessed in patient and 
control groups and both allele and genotype 
distribution was in accordance with it (p > 0.05). 
Alleles and genotypes frequency between stroke 
and control groups are presented in table 2, 3 and 4. 
There was no association between case and control 
groups in AT1R/1166A > C genotypes or allelic 
distribution. 
 
Table 2. Alleles and genotypes frequency for male 

 Male p-value 

Genotype 

and alleles 

Stroke 

N= 87 

Control 

N= 96 

 

AA n  ) %) 
 

57 (65.5) 
 

67 (69.8) 
 

0.501 

AC n  ) %) 

 

27 (31.0) 

 

25 (26.0) 

 

0.425 

CC n  ) %) 3 (3.4)   

 

4 (4.2) 0.812 

A n  )  %) 140 (80.9) 

 

159 (82.8) 

 

0.03 

C n  ) %) 33 (19.1) 
 

33 (17.2) 0.860 

Table3. Alleles and genotypes frequency for female 
 Female p-value 

Genotype 

and alleles 

 

Stroke 

N=1 14 

Control 

N= 124 

 

AA n  )  %) 

 

76 (66.7) 

 

84 (67.7) 

 

0.897 

AC n  ) %) 

 

38 (33.3) 

 

35 (28.2) 

 

0.419 

CC n  ) %) 0 (0.0) 5 (4) 0.03 

A n  ) %) 190 (83.3) 

 

203 (81.9) 

 

0.8 

C n  ) %) 38 (16.7) 45 (18.1) 0.537 

 

Table 4. Total alleles and genotypes frequency  

 Total p-value 

Genotype 
and alleles 

 

Stroke 
N= 201 

Control 
N= 220 

 

AA n  ) %) 
 

133 (66.2) 
 

151 (68.6) 
 

0.589 

AC n  ) %) 

 

65 (32.2) 

 

60 (27.3) 0.256 

CC n  ) %) 3 (1.5) 9 (4.1) 0.110 

A n  ) %) 331 (82.3) 362 (82.3) 
 

0.110 

C n  ) %) 71 (17.7) 78 (17.7) 0.589 

 
In addition, the analysis was done in the subtypes 
of stroke, age, sex and other risk factors but except 
in one case there were no significant difference 
among patients and controls. 
 
Discussion 

 
In the present study the genotypic and allelic 

frequency of AT1R/1166A > C polymorphism in 
stroke patients and controls were examined. Neither 
genotype distribution nor the allelic frequency 
differed significantly between the case and control 
groups. Further subgroup analysis including stroke 
subtypes, gender, age, hypertension, diabetes 
mellitus, high and low density lipoprotein and 
triglycerides showed any direct association. Renin-
angiotensin system plays a major role in blood 
pressure which is one of the most effective factors 
in stroke development.  There are several 
polymorphisms in this pathway which all of them 
can be potentially a risk factor for stroke (Jia et al., 
2014; Tsai et al., 2014). Among them AT1R/1166A 
> C is a candidate SNP which previously studied in 
different populations. A nested case-control study 
on 257 northern Sweden subjects who suffered a 
first ever stroke and 549 controls demonstrated AA 
genotype can increase risk of stroke (Möllsten et 
al., 2008). Henskens et al. have determined AGTR1 
A1166C polymorphism is in a significant 
association with Silent white matter lesions 
(WMLs), as lesion volume was lowest in the 
presence of an AGTR1 C allele and CC genotype 
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(Léon HG Henskens et al., 2005). Rubattu et al. 
study supports the role of AT1R/1166A > C 
polymorphism in the development of ischemic 
stroke among Sardinia population. They assessed 
215 cases and 236 controls in this population 
(Rubattu et al., 2004). In contrary, some other study 
demonstrated no association between this SNP and 
stroke. Szolonki et al. study on 308 patients and 
272 neuroimaging alteration-free subjects showed 
AT1R/1166A > C polymorphism cannot be 
considered as a risk factor for stroke (Szolnoki et 
al., 2006). In a study of 800 African Americans and 
1371 whites reported that this SNP is not associated 
with stroke (Hindorff et al., 2002). In a meta-
analysis which has been performed by zhang et al. 
no significant association was found between 
A1166C polymorphism and ischemic stroke in 
Asian population (Zhang et al., 2010). In a nut 
shell, there are several studies demonstrating 
significant association between AT1R/1166A > C 
polymorphism and stroke but this study performed 
that this SNP cannot be considered as an 
independent risk factor for stroke in this population. 
It could be because of Iranian particular genetic 
context. It is worth nothing that, the biological 
relevance of the angiotensin II type-1 receptor g. 
1166C polymorphism is unclear and further well-
designed studies are needed to identify the 
biological cause of this relationship between 
angiotensin II type-1 receptor g. 1166C 
polymorphism and stroke.  

 

Acknowledgment  
This research was supported by Mashhad 

University of Medical Sciences. 
 

References: 
 

1. Abdollahi M., Gaunt T., Syddall H., 
Cooper C., Phillips D., Ye S. and Day I. 
(2005) Angiotensin II type I receptor gene 
polymorphism: anthropometric and 
metabolic syndrome traits. Journal of 
Medical Genetics 42: 396-401. 

2. Agachan B., Isbir T., Yilmaz H. and 
Akoglu E. (2003) Angiotensin converting 
enzyme I/D, angiotensinogen T174M-
M235T and angiotensin II type 1 receptor 
A1166C gene polymorphisms in Turkish 
hypertensive patients. Experimental and 
Molecular Medicine 35: 545-549. 

3. Azarpazhooh M. R., Etemadi M. M., 
Donnan G. A., Mokhber N., Majdi M. R., 
Ghayour-Mobarhan M., Ghandehary K., 
Farzadfard M. T., Kiani R. and Panahandeh 
M. (2010) Excessive Incidence of Stroke in 

Iran Evidence From the Mashhad Stroke 
Incidence Study (MSIS), a Population-
Based Study of Stroke in the Middle East. 
Stroke 41: e3-e10. 

4. Brenner D., Labreuche J., Poirier O., 
Cambien F. and Amarenco P. (2005) 
Renin–angiotensin–aldosterone system in 
brain infarction and vascular death. Annals 
of Neurology 58: 131-138. 

5. Carey R. M. and Siragy H. M. (2003) 
Newly recognized components of the renin-
angiotensin system: potential roles in 
cardiovascular and renal regulation. 
Endocrine Reviews 24: 261-271. 

6. Deb P., Sharma S. and Hassan K. (2010) 
Pathophysiologic mechanisms of acute 
ischemic stroke: an overview with 
emphasis on therapeutic significance 
beyond thrombolysis. Pathophysiology 17: 
197-218. 

7. Fyhrquist F. and Saijonmaa O. (2008) 

Renin‐angiotensin system revisited. Journal 
of Internal Medicine 264: 224-236. 

8. Gargano J. W., Holzman C. B., Senagore P. 
K., Reuss M. L., Pathak D. R., Friderici K. 
H., Jernigan K. and Fisher R. (2009) 
Polymorphisms in thrombophilia and renin-
angiotensin system pathways, preterm 
delivery, and evidence of placental 
hemorrhage. American Journal of 
Obstetrics and Gynecology 201: e311- 
e319. 

9. Guo D.-F., Furuta H., Mizukoshi M. and 
Inagami T. (1994) The genomic 
organization of human angiotensin II type 1 
receptor. Biochemical and Biophysical 
Research Communications 200: 313-319. 

10. Hahntow I. N., Mairuhu G., van 
Valkengoed I. G., Koopmans R. P. and 
Michel M. C. (2010) Are" functionally 
related polymorphisms" of renin-
angiotensin-aldosterone system gene 
polymorphisms associated with 
hypertension? BMC Cardiovascular 
Disorders 10: 1-8. 

11. Harrison-Bernard L. M. (2009) The renal 
renin-angiotensin system. Advances in 
Physiology Education 33: 270-274. 

12. Hassan A. and Markus H. S. (2000) 
Genetics and ischaemic stroke. Brain 123: 
1784-1812. 

13. Henskens L. H., Kroon A. A., van Boxtel 
M. P., Hofman P. A. and de Leeuw P. W. 
(2005) Associations of the angiotensin II 
type 1 receptor A1166C and the endothelial 
NO synthase G894T gene polymorphisms 



Journal of Cell and Molecular Research (2015) 7 (1), 32-37  
 

 

with silent subcortical white matter lesions 
in essential hypertension. Stroke 36: 1869-
1873. 

14. Henskens L. H., Kroon A. A., van der 
Schouw Y. T., Schiffers P. M., Grobbee D. 
E., de Leeuw P. W. and Bots M. L. (2007) 
Renin-angiotensin system and nitric oxide 
synthase gene polymorphisms in relation to 
stroke. American Journal of Hypertension  
20: 764-770. 

15. Hindorff L. A., Heckbert S. R., Tracy R., 
Tang Z., Psaty B. M., Edwards K. L., 
Siscovick D. S., Kronmal R. A. and Nazar-
Stewart V. (2002) Angiotensin II type 1 
receptor polymorphisms in the 
cardiovascular health study: relation to 
blood pressure, ethnicity, and 
cardiovascular events. American Journal of 
Hypertension 15: 1050-1056. 

16. Jia E.-Z., Chen Z.-H., An F.-H., Li L.-H., 
Guo C.-Y., Gu Y., Liu Z., Li Z.-Y., Zhu T.-
B. and Wang L.-S. (2014) Relationship of 
renin-angiotensin-aldosterone system 
polymorphisms and phenotypes to 
mortality in Chinese coronary 
atherosclerosis patients. Scientific Reports 
4. 

17. Kobori H., Nangaku M., Navar L. G. and 
Nishiyama A. (2007) The intrarenal renin-
angiotensin system: from physiology to the 
pathobiology of hypertension and kidney 
disease. Pharmacological Reviews 59: 251-
287. 

18. 18- Lapierre A. V., Arce M. E., Lopez J. R. 
and Ciuffo G. M. (2006) Angiotensin II 
type 1 receptor A1166C gene 
polymorphism and essential hypertension 
in San Luis. Biocell 30: 447-455. 

19. Meschia J. F., Worrall B. B. and Rich S. S. 
(2011) Genetic susceptibility to ischemic 
stroke. Nature Reviews Neurology 7: 369-
378. 

20. Möllsten A., Stegmayr B. and Wiklund P.-
G. (2008) Genetic polymorphisms in the 
renin–angiotensin system confer increased 
risk of stroke independently of blood 
pressure: a nested case–control study. 
Journal of Hypertension 26: 1367-1372. 

21. Roger V. L., Go A. S., Lloyd-Jones D. M., 
Adams R. J., Berry J. D., Brown T. M., 
Carnethon M. R., Dai S., De Simone G. 
and Ford E. S. (2011) Heart disease and 
stroke statistics—2011 update a report from 
the American Heart Association. 
Circulation 123: e18-e209. 

22. Rubattu S., Di Angelantonio E., Stanzione 

R., Zanda B., Evangelista A., Pirisi A., De 
Paolis P., Cota L., Brunetti E. and Volpe 
M. (2004) Gene polymorphisms of the 
renin–angiotensin–aldosterone system and 
the risk of ischemic stroke: a role of the 
A1166C/AT1 gene variant. Journal of 
Hypertension 22: 2129-2134. 

23. Rupert J., Kidd K., Norman L., Monsalve 
M., Hochachka P. and Devine D. (2003) 
Genetic Polymorphisms in the 

Renin‐Angiotensin System in 
High‐Altitude and Low‐Altitude Native 
American Populations. Annals of Human 
Genetics 67: 17-25. 

24. Szolnoki Z., Havasi V., Talián G., Bene J., 
Komlósi K., Somogyvári F., Kondacs A., 
Szabó M., Fodor L. and Bodor A. (2006a) 
Angiotensin II type-1 receptor A1166C 
polymorphism is associated with increased 
risk of ischemic stroke in hypertensive 
smokers. Journal of Molecular 
neuroscience 28: 285-290. 

25. Szolnoki Z., Maasz A., Magyari L., 
Horvatovich K., Farago B., Somogyvari F., 
Kondacs A., Szabo M., Fodor L. and Bodor 
A. (2006b) Coexistence of angiotensin II 
type-1 receptor A1166C and angiotensin-
converting enzyme D/D polymorphism 
suggests susceptibility for small-vessel-
associated ischemic stroke. 
Neuromolecular Medicine 8: 353-360. 

26. Takami S., Imai Y., Katsuya T., Ohkubo 
T., Tsuji I., Nagai K., Satoh H., Hisamichi 
S., Higaki J. and Ogihara T. (2000) Gene 
polymorphism of the renin-angiotensin 
system associates with risk for lacunar 
infarction The Ohasama study. American 
Journal of Hypertension 13: 121-127. 

27. Tsai C.-T., Chang S.-N., Chang S.-H., Lee 
J.-K., Lin L.-Y., Wu C.-K., Yu C.-C., 
Wang Y.-C., Tseng C.-D. and Lai L.-P. 
(2014) Renin–angiotensin system gene 
polymorphisms predict the risk of stroke in 
patients with atrial fibrillation: A 10-year 
prospective follow-up study. Heart Rhythm 
11: 1384-1390. 

28. Wong C., Kanetsky P. and Raj D. (2008) 
Genetic polymorphisms of the RAS-
cytokine pathway and chronic kidney 
disease. Pediatric Nephrology 23: 1037-
1051. 

29. Zhang H., Sun M., Sun T., Zhang C., Meng 
X., Zhang Y. and Yang J. (2010) 
Association between angiotensin II type 1 
receptor gene polymorphisms and ischemic 



Journal of Cell and Molecular Research (2015) 7 (1), 32-37  
 

 

stroke: a meta-analysis. Cerebrovascular 
Diseases (Basel, Switzerland) 32: 431-438. 

30. Zhao Y., Ma L., Liu Y., Wang X., Liu L. 
and Klaus L. (2001) Relationship between 
AT R21 gene A1166C polymorphism and 
ischemic stroke. Chin Journal Geriatr 
Cardiovasc Cerebrovasc Dis 4: 247-249. 
 
 

Open Access Statement: 
 

This is an open access article distributed under the 

Creative Commons Attribution License (CC-BY), 

which permits unrestricted use, distribution, and 

reproduction in any medium, provided the original 

work is properly cited. 

 


