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Abstract

Introduction: Hypertension (HT) is characterized by high blood pressure. The reninangiotensin-aldosterone sys-
tem (RAAS) plays a crucial role in blood pressure (BP) regulation by maintaining vascular tone and the water-so-
dium balance. We aimed to investigate whether there is any relation between AGT (M235T), ACE (I/D), and AGTR1
(A1166C) genetic polymorphisms and hypertension among Turkish people from Southeast Anatolia.

Method and Results: A total of 210 individuals, consisting of 102 healthy controls and 108 patients with essential
hypertension admitted to the Cardiology Department of the Adiyaman University Research and Application Hospi-
tal were included the study. DNA isolation was performed from the blood samples via commercial kit. Genotype de-
termination was determined using the polymerase chain reaction-restriction fragment length polymorphism (PCR-
RFLP) technique. Statistically significant differences were found between the control and patient groups in terms of
genotype distribution and allelic frequencies of ACE 1I/D polymorphisms. Significant differences were found in the
frequencies of ICM, DCM, DCT, DAT between the patient and control groups.

Conclusions: In this study, we found a significant association of ACE I/D polymorphism with HT, and we showed
that the I allele can increase the risk of HT in Turkish people from Southeast Anatolia. Although we did not find any
association between independent AGT M235T and AGTIR A1166C polymorphisms and HT, we observed that the
DCM, DCT, and DAT haplotypes of ACE/AGTIR/AGT polymorphisms reduced the risk of hypertension, while the
ICM haplotype increased it.
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Introduction

Hypertension (HT) is characterized by high
blood pressure known to be a crucial risk fac-
tor for various disorders such as cardiovascular,
neurological, and renal diseases. HT is the most
frequent cause of death worldwide as well as in
Turkey. It is a major threat to public health (1-
5). There is strong evidence that interactions of
environmental and genetic factors contribute to
the development of HT (6-9). The renin-angio-
tensin-aldosterone system (RAAS) is known to
have an important role in blood pressure (BP)
regulation by maintaining vascular tone and the
water-sodium equilibrium. Angiotensinogen is
hydrolyzed by renin to form the angiotensin-I
that is then converted by angiotensin-converting
enzyme (ACE) into the angiotensin-II (Ang-II)
in RAAS pathways. The primary receptor of
Ang-II is the Ang-II receptor type 1 (AGTIR).
The expression pattern at both gene and protein
levels of the molecular players mentioned above
plays a crucial role in HT (10-12). Various HT
candidate genes that are related to renin angio-
tensin system (RAS) have been shown to con-
tribute to BP regulation by different molecular
mechanisms in the development of HT (10).
RAAS genes including ACE, AGT, and AGTIR
are polymorphic genes. There are many studies
investigating the relation between RAAS gene
polymorphisms and the development and inci-
dence of HT; however, conflicting results were
also reported (3, 10, 12-15). It is possible that
selection criteria of patients, environmental fac-
tors (e.g. geographic region), and ethnicity may
contribute to the contradictory data from several
studies about gene polymorphisms regarding HT
(10, 12, 16).

In this study, we aimed to investigate if there is
any relation between AGT (M235T), ACE (1/D),
and AGTIR (A1166C) gene polymorphisms
and HT among Turkish people in the region of
Southeast Anatolia.

Materials and Methods

Selected Population

This study included 210 individuals consisting
of 102 healthy controls who and whose relatives
possess no cardiovascular diseases, and 108 pa-
tients with persistent and pathological high blood
pressure who were admitted to the Cardiology
Department of Adiyaman University Research
and Application Hospital. In the present study,
the confirmation by Adiyaman University Ethic
Committee (date: 02.10.2013; number: 2013/10-
1.1) and a written consent from each subject
were provided after participants had been prop-
erly informed. All experiments were performed
abided by the Declaration of Helsinki. Individu-
als who had aortic coarctation, previous cardiac
surgery, valve stenosis greater than mild degree
or regurgitation, complex congenital heart dis-
ease, chronic kidney disease, respiratory illness,
acute infection, hepatic dysfunction or chronic
inflammatory diseases were not included in the
current study. The hypertensive patients who
were receiving anti-hypertensive medication and
the patients with essential hypertension were in-
cluded in the study. There was no blood relation
between the individuals included in the study.
After a 5-minute rest in the sitting position for all
individuals, blood pressure was measured three
times on both upper limbs by using an automatic
manometer (Omron M4 Plus, Omron Healthcare
Europe, Hoofddorp, and Holland). The average
value of the second and the third measurements
were taken into account. The values exceeding
140 mmHg for systolic blood pressure (SBP)
and 90 mmHg for diastolic blood pressure (DBP)
were diagnosed as HT (17).

Genotype determination

Genomic DNA was isolated from whole blood
samples, which were collected in tubes contain-
ing EDTA, with a DNA isolation kit (Thermo
Scientific, Lithuanian). Genotype determination



Revista Romdna de Medicina de Laborator Vol. 27, Nr. 2, Aprilie, 2019 161

was carried out by using the polymerase chain
reaction-restriction fragment length polymor-
phism (PCR-RFLP) technique. Determination
of polymorphisms in the ACE I/D (18), AGT1R
A1166C (19) and AGT M235T (20) was per-
formed in accordance with the previously de-
scribed method, with minor modifications, as
explained below.

A 287-bp insertion or deletion in intron 16 of
the ACE gene, which is called ACE 1/D poly-
morphism, was determined with PCR in which
forward primer 5- CTGCAGACCACTC-
CCATCCTTTCT-3 and the reverse primer
5-  GATGTGGCCATCACATTCGTCAGAT-3
were used. In a total volume of 50 pL, PCR
was carried out, consisting of 10 pmol of each
primer, 0.5 mM of each dNTP, 2 U Taq DNA
polymerase, 1.5 mM MgCl2s, and 1 pL genomic
DNA. PCR was carried out in a thermal cycler
(Applied Bio systems Veriti); following an ini-
tial denaturation at 94 °C for 5 min, 35 rounds
of thermo cycling consisting of denaturation at
94 °C for 1 min, annealing at 58 °C for 40 s,
and extension at 72 °C for 1 min, then a final
extension at 72 °C for 5 min. The amplification
samples were run on an agarose gel (2%) and
visualized by ultraviolet following ethidium bro-
mide staining. The genotypes were determined
to be homozygous deletion (DD) (190-bp), ho-
mozygous insertion (II) (490 bp), and the hetero-
zygous (ID) insertion and deletion (490 bp/190
bp) (18, 21, 22).

For AGT M235T polymorphism, the 303 bp re-
gion of the angiotensinogen gene was amplified
with PCR by using forward primer 5 GATGC-
GCACAAGGTC CTGTC3’ and reverse primer
5’CAG GGT GCT GTC CAC ACT GGA CCC
C 3’. PCR was carried out in a total volume of
50 pL, consisting of 10 pmol of each primer, 0.5
mM of each ANTP, 2 U Taq DNA polymerase,
1.5 mM MgCl2, and 1 pL genomic DNA. Am-
plification was performed in a thermal cycler
(Applied Biosystems Veriti); after an initial de-
naturation at 94 °C for 5 min, 35 rounds of ther-

mocycling consisting of denaturation at 94 °C for
1 min, annealing at 57 °C for 40 s, and extension
at 72 °C for 1 min, ending with a last extension
at 72 °C for 5 min. Then the PCR products were
digested using the Psyl, run on a 2% agarose
gel, and visualized by ultraviolet transillumina-
tion following staining with ethidium bromide.
Two fragments, the longer one consists of 279
bp and the shorter one contains 24 bp, appeared
on the agarose gel after restriction digestion. The
genotypes were determined to be homozygous
MM (303-bp), homozygous TT (only a single
247-bp), and heterozygous MT (303-bp/247-bp)
(20). For AT1 A1166C polymorphism, the 410
bp region of the angiotensin II type 1 receptor
(AT1R) gene was amplified with PCR by using
forward-primer 5’- AGAAGCCTGCACCAT-
GTTTTGAG -3’and reverse-primer-5’- CCT-
GTTGCTCCTCTAACGATTTA -3°. PCR was
carried out in a total volume of 50uL, con-
sisting of 10 pmol of each primer, 0.5 mM of
each dNTP, 2 U Taq DNA polymerase, 1.5 mM
MgCl2 and 1 pL genomic DNA. PCR was car-
ried out in a thermal cycler (Applied Bio systems
Veriti); after an initial denaturation at 94 °C for
5 min, 35 rounds of thermocycling consisting
of denaturation at 94 °C for 1 min, annealing at
62°C for 40 s and extension at 72 °C for 1 min,
ending with a final extension at 72 °C for 5 min.
Then the PCR products were digested using the
Hind 111, run on a 2% agarose gel, and visualized
by ultraviolet transillumination after ethidium
bromide staining. RFLP was ended up with the
generation of 219 bp and 191 bp fragments. The
genotypes were determined to be homozygous
AA (410 bp), homozygous CC (219 bp and 191
bp) and heterozygous AC (410 bp, 219 bp, and
191 bp (19).

Statistical analysis

In this study, the whole data was statistical-
ly analyzed using the packaged program IBM
SPSS Statistics 2.0 software. The x2 test was
used to compare gender and genotype and al-
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lele frequencies of the ACE, AGT and AGT1R
polymorphisms between HT patients and con-
trols. The association between ACE, AGT, and
AGTIR polymorphisms and HT was modeled
through binary logistic regression analysis and
odds ratio (OR) and 95% confidence interval
(95%CI) were calculated to compare HT risk
among genotypes. Such variables as age, height,
weight, etc. were compared between groups with
Mann-Whitney U Test for the non-normal vari-
ables and Student’s t-Test for the normally dis-
tributed variables. Parameter values were com-
pared between two groups with two independent
sample t- and Mann Whitney-U tests. Addition-
ally, to determine the normality, Shapiro-Wilk
Test was used. p < 0.05 was accepted as statisti-
cally significant.

Results

The demographic and biochemical character-
istics of the hypertensive patients and normo-
tensive control groups are displayed in Table 1.
There were statistically significant differences
between the control and patient groups with re-
spect to systolic blood pressure (SBP) (p<0.001)
and diastolic blood pressure (DBP) (p=0.05).
However, there was no significant difference
regarding other baseline characteristics (age,
gender distribution, body mass index (BMI),
high density lipoproteins (HDL), low density li-
poproteins (LDL), triglycerides (TG), or diabe-
tes mellitus (DM) (p>0.05). Demographic and
biochemical characteristics of study groups are
shown in Table 1.

Table 1. Demographic and biochemical characteristics of study groups.

Control (102) HT 108
Variables m::la(rz‘:%D m:a(l‘:{l(:%D p Value
median (min-max) median (min-max)
Gender (M/F) 45/57 (44.1/55.9) 36/72 (33.3/66.7) 0.120*
Age 55 (36-92) 56 (31-86) 0.971%*
Weight 75.77 £ 11.63 80.72+10.92 0.002%**
BMI 28.04 (19.38-342.00) 32.59(22.31-313) 0.071**
Systolic BP, mmHg 120 (100-180) 140 (110-180) <0.001 **
Diastolic BP, mmHg 80 (60-100) 90 (70-110) <0.001 **
TC 190 (112-281) 194 (119-404) <0.001 **
HDL 42 (20-78) 40 (24-73) 0.341%*
LDL 108 (34-275) 118 (22-275) 0.151%*
TG 163 (53-755) 170 (52-1131) 0.311**
DM (+/-) 24/78 (23.53/76.47) 25/83 (23.1/76.9) 1.000*

HT, Hypertensive; BMI, Body mass index; BP, Blood pressure; TC, Total cholesterol; HDL, High-density lipoprotein; LDL,
Low-density lipoprotein; TG, Triglycerides; DM, Diabetes mellitus; SD, Standard deviation.

* 42 test; ** Mann—Whitney U test,***Student’s t test.
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ACE I/D:

Statistically significant differences were deter-
mined when control and patient groups were
compared with respect to genotype distribution
and allelic frequencies of ACE I/D polymor-
phisms (p<0.001). The genotype distributions
and allele frequencies of the polymorphisms be-
tween hypertensive patients and normotensive
controls are shown in Table 2.

AGT M235T:

When patient and control groups were compared
with respect to genotype distribution and allelic
frequencies of AGT M235T polymorphisms, no
significant difference was determined (p >0.05).
The genotype distributions and allele frequen-
cies of the polymorphisms between hypertensive
patients and normotensive controls are shown in
Table 2.

AGTIR A1166C:
When control and patient groups were compared
in terms of genotype distribution and allelic fre-

quencies of AGT1R A1166C polymorphisms, no
significant difference was determined (p>0.05).
The genotype distributions and allele frequen-
cies of the polymorphisms between hypertensive
patients and normotensive controls are shown in
Table 2.

Haplotypes:

Haplotype distributions of ACE/AGTIR/AGT
polymorphisms were compared between control
and patient groups (p<0.001; Table 3). The hap-
lotypes of the polymorphisms of hypertensive
patients and normotensive controls were shown
in Table 3.

Discussion

The renin angiotensin system (RAS) takes an
important part in the regulation of water-salt
balance in the human body which is associated
with HT. Many studies reported that there is a
relationship between RAS gene polymorphisms,
such as angiotensin converting enzyme (ACE
I/D), angiotensinogen (AGT M235T), and the

Table2. The genotype distributions and allele frequencies of the polymorphisms between hypertensive
patients and normotensive controls.

o, o,
SNP (i;,;:: Coln (;;0(111(;(5)&) IiI(;l;;I;l(O{;))) p value? OR (95 % CI) p value®
I 21 (20.6) 66 (61.1) Reference <0.001
Genotype ID 46 (45.1) 36 (33.3) <0.001 0.249 (0.129-0.480) <0.001
ACE I/D DD 35(34.3) 6 (5.6) 0.055 (0.020- 0.148)  <0.001
I 88 (43.1) 168 (77.8) Reference
Allele  — 116(56.9) 43222 0001 017 (0147-0331)
CC 2 (2.04) 1(0.9) Reference 0.677
AGTIR Genotype AC 83 (81.32) 92 (85.2) 0.670 2.244 (0.200-25.205) 0.513
A1166C AA 17 (16.64) 15 (13.9) 1.765 (0.145-21.474) 0.656
Allele C 87 (42.6) 94 (43.5) 0.921 Reference
A 117 (57.4) 122 (56.5) 0.962 (0.653-1.418)
MM 10 (9.8) 16 (14.8) Reference 0.526
AGT Genotype MT 48 (47.1) 50 (46.3) 0.522 0.651 (0.269-1.576) 0.341
M23ST TT 44 (43.1) 42 (38.9) 0.597 (0.244-1.462) 0.259
Allele M 68 (33.3) 82 (38.0) 0.359 Reference
T 136 (66.7) 134 (62.0) 0.817 (0.548-1.219)

aX2 analysis p-value; *Logistic regression analysis p-value
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Table 3. The haplotypes of the polymorphisms hypertensive patients and normotensive controls.

Haplotypes

ACE-AGTIR-AGT 1520 ':;;l) ) ) 08};11T(% y  pvalue OR (95 % CI)
I/D-A1166C-M235T

ICM 29 (14.4%) 52 (24.1%) <0.001 Reference
ICT 26 (12.9%) 37 (17.1%) 0.503 0.794 (0.403-1.561)
1AM 7 (3.5%) 20 (9.3%) 0.348 1.593 (0.602-4.217)
DCM 19 (9.4%) 1(0.5%) 0.001 0.029 (0.004-0.231)
DCT 12 (5.9%) 4 (1.9%) 0.007 0.186 (0.055-0.629)
DAM 13 (6.4%) 9 (4.2%) 0.053 0.386 (0.147-1.012)
AT 25 (12.4%) 59 (27.3%) 0.409 1.316 (0.686-2.526)
DAT 71 (35.1%) 34(157%)  <0.001 0.267 (0.145-0.492)
p value® <0.001

aX2 analysis p-value; *Logistic regression analysis p-value.

angiotensin gene Il type 1 receptor (AGTIR
A1166C) and HT in various populations (3, 16,
20, 23). However, there are also other studies
which reflected contradictory results in this con-
text. In the present study, we analyzed whether
there is a correlation between polymorphisms
of three RAAS genes and HT among affected
Turkish people in the region of Southeast Anato-
lia. In our study, we found important differences
between the normotensive control and hyper-
tensive patient groups with respect to genotype
distributions and allele frequencies of ACE I/D
polymorphism (p<0.05). ACE I/D polymor-
phism was first identified by Rigat et al. in 1990
(24). Presence or absence of 287 bp fragment
in the 16th intron of the ACE gene gives rise to
the polymorphism. Since it was identified, many
studies have reported a correlation between the
polymorphism and cardiovascular diseases, in-
cluding HT and impaired serum ACE levels (25-
27) Ramu et al. reported a correlation between
ACE 1/D polymorphism and increasing risk of
essential hypertension (EH). Furthermore, they
argued that interaction between polymorphisms
in ACE and angiotensinogen genes contributes
to development of EH (23). In a study conducted
by Cosenso Martin et al., the D allele (ID and
DD genotypes) carriers had higher systolic blood
pressure and 24-hour blood pressure compared

to II genotype carriers, (p=0.036 and p=0.042,
respectively). On the other hand, no difference
was observed between the control and patient
groups in terms of three genotypes (DD, ID, II)
(p>0.05) (28). Jiang et al. assessed that D allele
frequencies were higher in the HT group than in
the control group (p<0.05) (10).

Contrary to our results, Gunes et al. did not find
significant differences between ACE I/D geno-
type/allele frequencies and HT. In addition, they
determined that the frequency of the D allele is
higher than the I allele in Turkish patients with
HT in the region of Central Anatolia (25). These
discrepancies in ACE 1I/D genotype distributions
and allele frequencies may be due to regional
differences in Turkey. Jiang et al. showed a sig-
nificant difference in the distribution of ACE I/D
between HT and control groups. They observed
that DD genotype frequency was higher in HT
patients than controls, and II genotypes were
similar in both groups (10). Consistent with our
results, S. Abbas et al. showed in a North Indian
population that, while DD genotype frequencies
were lower in HT patients, II genotype frequen-
cies were higher compared to controls (p<0.05)
(DD/ID/I; 29.31/60.34/10.34% in controls and
13.04/60.14/26.82% in the HT group) (29).
Previous studies demonstrated that there were
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differences in genotype distributions and allele
frequencies of ACE I/D polymorphism among
different ethnicities (30-32). Yi et al. (2006)
demonstrated significant differences in genotype
distribution and allele frequencies of ACE I/D
polymorphism between different ethnicities and
genders as well as in systolic and diastolic blood
pressures in hypertensive patients with different
genotypes (33). These results indicate that ethnic
variations should also be considered in studies
related to ACE 1/ D polymorphism. When we
evaluated the previous studies in terms of the ef-
fect of ACE I/ D polymorphism on HT, there
were different results regarding genotype distri-
bution and allele frequency in different ethnic
populations. Previous studies demonstrated that
D allele frequency was lower in hypertensive pa-
tients compared to controls in South Asian popu-
lations in accordance with our work (34-38).

In the present study, we did not observe any asso-
ciation between genotype distributions and allele
frequencies of AGT M235T and AGTIR A1166C
polymorphisms in the HT group compared to the
control group. In line with our results, Yang et
al. claimed that there is no correlation between
genotype distributions and allele frequencies of
AGT M235T and AGTIR A1166C polymor-
phisms in HT group when compared to control
group (p=0.275 and p=0.184 respectively) (39).
In contrast, Niu S et al. found higher MM geno-
type frequencies of AGT M235T polymorphism
in the HT patient group compared with the con-
trol group (13).

There are other studies which could not find a
relationship between HT and AGT M235T or
AGTIR A1166C polymorphisms (10, 40, 41). In
contrast, Niu W et al. found higher MM genotype
frequencies of AGT M235T polymorphism in
the patient group when compared with the con-
trol group (12). In addition, Niu S et al. argued
that there is an important relation between AGT
M235T and AGTIR A1166C polymorphisms
and EH (13). In Turkish population, contrary to

our results, Gunes et al. found significant differ-
ence between AGTIR A1166C polymorphism
allele frequencies and HT. They determined that
C allele frequency is higher in the HT group than
in the control group (25).

In summary, the results of many similar studies
performed with different populations are not in
consistence with each other, likely due to strong
ethnic and regional variations. Genetic varia-
tions in RAAS genes play an important role in
the molecular etiology of EH. Therefore, along-
side SNP studies, haplotype studies are also im-
portant in the identification of the association
between RAAS genes and hypertension. In the
haplotype analysis part of our study, the ratio of
total haplotypes containing D allele were signifi-
cantly lower in HT group. In line with that, this
result is consistent with the significantly lower
D allele frequency in the aforementioned hyper-
tensive group.

Conclusion

In conclusion, we observed a significant associ-
ation of ACE I/D polymorphism with HT in our
study, and we showed that I allele can increase
the risk of HT in the Turkish population of
Southeast Anatolia. Although no correlation was
found between independent AGT M235T and
AGTIR A1166C polymorphisms and HT, we
observed that DCM, DCT, and DAT haplotypes
of ACE/AGTIR/AGT polymorphisms reduced
the risk of HT while ICM haplotype increased it.
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