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ABSTRACT

Objective: Hypertension, which affects 25% of the world’s population, is a complex disease, with 30% genes affecting its pathogene-
sis. In this study, we aimed to examine the frequency of the bradykinin B, receptor gene C-58T genotypes in patients with essential
hypertension and non-hypertensive controls. In addition, we evaluated the effects of C-58T genotypes on demographic characteristics,
phenotypes related to obesity, and hypertension.

Methods: Genotyping was performed in 63 hypertensive patients and 56 non-hypertensive subjects by PCR-RFLP.

Results: The frequency of bradykinin B, receptor gene C-58T genotypes in hypertensive patients and control subjects was 25.4% and
28.6% for homozygous wild-type (T/T), 49.2% and 58.9% for heterozygous (T/C), and 25.4% and 12.5% for homozygous polymorp-
hic (C/C) genotypes, respectively. Genotype frequencies did not differ significantly among study groups. The C allele was found to have
an increasing effect on blood glucose levels (p=0.05) and decreasing effect on total cholesterol levels (p=0.008) in hypertensive patients,
whereas it was found to have an increasing effect on waist circumference (p=0.041) in control subjects. Hypertensive patients with C
allele were found to use sulfonylurea drugs (p=0.021) at a higher frequency than those with T allele. Further, hypertensive patients with
T allele were found to use diuretic drugs (p=0.007) at a higher frequency than those with C allele.

Conclusions: The C-58T polymorphism is found to have a positive association with total cholesterol levels, blood glucose levels, and

waist circumference but no association with systolic/diastolic blood pressure.

Keywords: Bradykinin, hypertension, cholesterol, waist circumference, blood glucose

Introduction
Hypertension is a multigenic disease (1). The molecular mechanisms leading to hypertension have largely been clarified.

Bradykinin (BK) is a vasoactive substance that is produced in the blood and in all the tissues due to the effects of kal-
likreins, which does not exist in the peptide structure. Kinins have functions such as the provision of cardiovascular
balance and the formation of an inflammatory response (2). BK, kallidin, and methionyl-lysyl-bradykinin are the
members of the kinin family. Kallidin and methionyl-lysyl-bradykinin are transformed into BK by the aminopeptidase
enzyme (3). Kinins generally act as regional hormones that act by activating specialized receptors (B1R, B2R) known as
B1 and B2. Many inflammatory and cardiovascular effects occur by means of B2 receptors (4, 5). BK is a kinin—kalli-
krein system member involved in the regulation of blood pressure (6). BK affects the blood pressure by increasing water
and sodium discharge with vasodilatation (7, 8). BK is involved in insulin-stimulated glucose uptake (9-15). Further,
studies have shown that BK has an increasing effect on the insulin sensitivity of the skeletal muscle cells (16-20). In
some other studies, the presence of exogenous BK was found to be ineffective on glucose transport in insulin-stimulated
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muscles (21). In the literature, no significant effect of B2R
on glycemia has been reported (22).

The water discharge in the body is controlled by the renal BK
system via sodium accumulation. The disorder in this mecha-
nism causes vasoconstriction in erythrocytes and vascular
smooth muscles. The hypothesis that the renal BK system has
an important role in the occurrence of hypertension can be
established on the basis of this data (3). By causing the release
of prostaglandins and nitric oxide (NO), the passage of BK
into the renal arteries increases the blood flow to the kidneys
and causes diuresis and natriuresis (23, 24). The production
rate or metabolism of BK may change the pathophysiology
of hypertension. Under normal circumstances, while BK de-
creases the blood pressure (3), BK antagonists were found to
increase the blood pressure in hypertensive and non-hyper-
tensive rats (25, 26). Decreased BK system activity has been
found to be associated with many hypertensive events such as
sodium accumulation, arterial vasoconstriction, and increase
in peripheral resistance (3). BK significantly increases the
myocardial blood flow, accelerates cardiac metabolism, and
mediates the development of myocardial capillary networks.
Kinins have a protective effect on the myocardium with B2R
activation (27, 28). In addition, BK protects the endothelial
cells against aging by inhibiting oxidative stress (29). In sum-
mary, BK shows a protective effect against hypertension via
B2R activation (30).

The stimulation of B2R causes severe vasodilatation and an
increase in blood flow and hypertension (2). BK B2R shows
high affinity toward intact kinins (2). It has been reported
that BIR mediates the inflammatory responses produced
against kinins and has a contractile effect in the smooth mus-
cles of organs under pathological conditions (2). The angio-
tensin-converting enzyme (ACE) converts angiotensin 1 to
angiotensin 2 and reduces BK (31). However, ACE has been
found to show a higher affinity with BK than angiotensin 1
(32) and, hence, the inhibition of ACE leads to a significant
increase in BK concentration (33).

In humans, the structure of the B2R gene of BK has been
identified (34-37). Braun et al. (38) have shown that the
B2R gene consists of three exons and two intron regions
(38-40). While the first two exon regions are not encoded,
the third exon includes the entire gene. The third exon
region of the B2R gene of BK encodes a protein consisting
of 7 transmembrane regions and 364 amino acids (38-40).
Although some studies have reported that the promoter
polymorphism of BK B2R gene is associated with hyper-
tension (41), some other studies could not demonstrate
this association (41). The absence of a direct relationship
between the B2R gene polymorphism and hypertension
can result from genetic heterogeneity among different races
(1). According to meta-analysis studies, while -58T alleles
have protective effects in African Americans and Asians, it
has a risk factor for hypertension in Europeans (1). Fu et

al. (41) have shown that the BK B2R gene C-58T poly-

morphism has a synergistic effect with the left ventricular

hypertrophy ADE D allele.

The purpose of our study is to determine the gene frequencies
of C-58T polymorphism of the BK B2R gene in hypertensive
Turkish patients and to determine the relationship of the C-
58T genotypes (homozygous wild-type (T/T), heterozygous
(T/C), and homozygous polymorphic (C/C)) with blood lip-
ids, obesity-associated phenotypes (fat mass, body mass in-
dex (BMI), waist circumference, etc.), and hypertension. The
planned study that was applied in the Turkish society for the
first time and was evaluated in terms of pharmacogenomics
adds new information to the literature.

Methods

Study Group

We performed our study with 63 hypertensive (systolic blood
pressure (SBP) 2130 mmHg or diastolic blood pressure (DBP)
290 mmHg) and 56 non-hypertensive control subjects with
normal blood pressure. Conventional risk factors such as dys-
lipidemia (high-density lipoprotein cholesterol (HDL-chol)
values <40 mg/dL in men, <50 mg/dL in women; triglyceride
values >150 mg/dL; and low-density lipoprotein cholesterol
(LDL-chol) levels >130 mg/dL), hypercholesterolemia (total
cholesterol (T-chol) levels >200 mg dL and LDL-chol levels
>130 mg/dL or antilipemic agents), hypertension (blood pres-
sure >130/85 or previously treated), diabetes mellitus (fasting
blood glucose >100 mg/dL or previously treated), obesity
(BMI>25), and smoking (daily smokers) were obtained from
the patient records and by asking the patients. Blood pressure
was measured using a standard blood pressure monitor in pa-
tients at the sitting position from the upper side of the right
arms. All the disease diagnoses were made by a specialist car-
diologist. For the evaluation of the arterial blood pressure, the
guide “The Seventh Report of the Joint National Committee
on Prevention, Detection, Evaluation and Treatment of High
Blood Pressure Guidelines” (42) was used. Patients having
metabolic syndrome corresponded to all the criteria set by the
Adult Treatment Panel (ATP III) (43). This work was carried
out in accordance with the principles of the Declaration of
Helsinki, 2008. Written consent as approved by the local eth-
ics committee was taken from each patient after providing
due explanations. Patients with secondary hypertension, dia-
betic nephropathy, endocrinopathic hypertension, pseudo-
hypertension, neoplasia, and those using oral contraceptives
and drugs were not included in the study.

DNA isolation and genotyping

Genomic DNA was isolated using the standard “salting-
out” method (29). The isolated DNAs were purified using
the phenol—chloroform method and stored at -20 °C until
used. The C-58T polymorphism of the BK B2R gene was
identified using polymerase chain reaction-restriction frag-
ment length polymorphism (PCR-RFLP). The B2R gene is
characterized by the conversion of the thymine nucleotide to
cytosine nucleotide at the -58 position in the gene promoter



region (40). Since the C-58T polymorphism did not lead to
a change in the identification sequence for the Mae III en-
zyme, an identification region for Mae III was generated in
the study by adding an incompatible nucleotide to the primer
that was meaningful for PCR amplification. The settlement
of Mae III was completed in the presence of the -58 °C allele.
PCR primers were determined as to convert complementary
B2R C-58T polymorphism to the promoter/exon 1 area.”.
The PCR reaction mixture was prepared as a total volume of
25 ul by taking 30-50 ng of genomic DNA, 0.2 U Taq poly-
merase (Fermentas), 0.5 ul of 100 mol/l INTP and 0.15 ul of
50 umol/l primer. The PCR cycle conditions were as follows:
7 min at 95°C; 35 min (20 s at 94°C, 20 s at 55°C, and 20 s at
72°C) at 72°C (44). The PCR products were kept at 37°C for
4 h, and the cut-off was performed. The primer sequence for
the C-58T genotypes was “left primer, 5’-GCCCAGGAG-
GCTGATGACGTCA-3" and “right primer, 5-TCAC-
CAACCCTCCGGACCC-3’.” The PCR products were kept
overnight at 5 U Mae III (Fermentas) cut-off enzyme. The
PCR products produced as 110 bp were divided into 92 bp
and 18 bp fragments after the cut-off with the Mae III en-
zyme. The sodium dodecyl sulfate—polyacrylamide gel elec-
trophoresis (SDS-PAGE) method was used to examine the
cut-off products.

Statistical analysis

The Statistical Package for the Social Sciences 17.0 (SPSS Inc.;
Chicago, IL, USA) software program was used for performing
statistical analyses. The data were given as mean + standard
deviation. The comparisons of the patient and control groups
with the analyzed parameters were performed through the
“Student’s t-test.” The chi-square (%?) test was used to deter-
mine the differences in ratios: in cases where the number of
samples in the variables of the category was low, the “Fisher’s
exact test” was used. In order to investigate the effects of C-
58T genotypes of the BK B2R gene on the analyzed phe-
notypes, the analysis of variables among the T/T, C/T, and
C/C genotypes were performed by the Student’s t-test. Data
with p<0.05 were considered statistically significant. Binary
genotype comparisons of the phenotypes found significant
were made using the “Mann—Whitney U test.” The signifi-
cance limit for the “Bonferroni analysis” was determined as
p=0.016.

Results

In the hypertensive and non-hypertensive groups, the gen-
otype frequencies of the C-58T polymorphism of the BK
B2R gene are listed in Table 1. The genotype frequencies of
the C-58T polymorphism of the BK B2R gene were found
for the T/T, T/C, and C/C as 25.4%, 49.2%, and 25.4%
in hypertensive patients and 28.6%, 58.9%, and 12.5% in
non-hypertensive patients, respectively. Genotype frequen-
cies for the C-58T polymorphism were not found to be
statistically significant among the study groups (x*=3.183,
p=0.204) (Table 1).
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The effects of the study groups on anthropometric and obesity/
type-2-diabetes/hypertension-related parameters are given in
Table 2. The values of weight (p=0.007), fat mass (0.002), BMI
(p=0.0001), blood glucose level (p=0.05), T-chol (p=0.007),
triglyceride (p=0.036), LDL-chol (p=0.029), SBP (p=0.0001),
DBP (p=0.0001), and waist circumference (p=0.0001) were
found to be significantly higher in the hypertensive group than
in the non-hypertensive group (Table 2).

In the hypertensive group, the effect of BK B2R gene C-
58T genotypes on various phenotypes is given in Table 3. In
hypertensive patients with the T/T genotype, T-chol values
were higher than hypertensive patients with the C/C geno-
type (p=0.008); however, an inverse effect was found in blood
glucose levels, and the blood glucose values were found to be
lower in hypertensive individuals with the T/T genotype than
hypertensive individuals with the C/C genotype (p=0.05). In
the other parameters analyzed, no significant effect was de-
tected (Table 3). According to the results of binary compari-
sons of the BK B2R gene C-58T genotypes for T-chol values,
which was found to be statistically significant with the analy-
sis of variance (ANOVA), the T-chol values of hypertensive
individuals with the T/T genotype were found to be higher
than those with the T/C genotype (p=0.008) (Table 3).

In the non-hypertensive group, the effect of BK B2R gene
C-58T genotypes on various phenotypes is given in Table 4.
In non-hypertensive individuals with the C/C genotype, the
waist circumference measurement was higher than non-hy-
pertensive individuals with the T/T genotype (p=0.041). No
statistically significant effect was found on the other analyzed
biochemical and clinical parameters such as weight, height,
fat-free mass, fat mass, BMI, T-chol, triglyceride, HDL-chol,
LDL-chol, SBP, DBP, and blood glucose values (Table 4). In
the waist circumference measurements in which genotypes
were found effective with ANOVA, according to the Mann—
Whitney U test results of the paired comparisons of the BK
B2R gene C-58T genotypes, the waist circumference mea-
surements of hypertensive individuals with the T/T genotype
were found to be higher than those with the T/C genotype
(p=0.005) (Table 4).

The frequency of drug use in the hypertensive and non-hyper-
tensive study groups is given in Table 5. The usage frequencies
of diuretic (p=0.0001), angiotensin-converting—enzyme in-

Table 1. Hipertansif ve hipertansif olmayan bireylerde
bradikinin B,R geni C-58T polimorfizmi genotip sikliklari

Bradykinin B,R gene C-58T genotypes

T/Tn(%) T/Cn(%) C/Cn(%) p
Hypertensive 16 (25.4) 31(49.2) 16 (25.4) 0.204
Non-hypertensive 16 (28.6) 33(58.9) 7(12.5)

Results are numerically given (%). Disease frequencies of the study
group were compared by using the chi-square (x?) test. n: number of
samples; x% 3.183; T/T: wild-type genotype; T/C: heterozygote-type
genotype; C/C: polymorphic-type genotype
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Table 2. Comparison of the study groups in terms of anthropometric and obesity/type-2-diabetes/hypertension-related

parameters
Hypertensive (n=63) Non-hypertensive (n=56) P

Weight (kg) 77.95%1.69; 76 (50-120) 70.93%1.924; 69 (50-108) 0.0070%**
Height (m) 1.62+0.01; 1.62 (1.44-1.87) 1.6440.01; 1.63 (1.50-1.80) 0.2810
FFBM (kg) 48.86+0.93; 47.371 (34.33-69.21) 47.395+0.920; 47.119 (34.33-66.63) 0.4780
FM (kg) 29.10+1.15; 28.459 (14.87-50.79) 23.53+1.34; 21.59 (10.18-43.17) 0.0020**
BMI (kg/m?) 29.75+0.67; 29.10 (22.02-42.87) 26.36+0.72; 25.10 (20.02-38.02) 0.0001%**
Waist circumference (cm) 98.66+1.67; 100 (72-130) 85.86+2.30; 81 (67-120) 0.0001***
T-chol (mg/dL) 205.49+6.42; 201 (114-295) 178.95+7.18; 174.06 (49.48-307.35) 0.0070**
TG (mg/dL) 141.6249.29; 125 (53-383) 118.19+8.25; 102.50 (67-265.80) 0.0360*
HDL-chol (mg/dL) 48.05+1.74; 46.70 (24-79.77) 47.39+2.05; 45.50 (24-71.13) 0.8130
LDL-chol (mg/dL) 106.31£6.81; 104.50 (23.58-221) 87.36+10.73; 89 (27.84-368.43) 0.0290*
SBP (mmHg) 151.57£2.32; 150 (100-220) 119.26£1.26; 120 (100-130) 0.00071***
DBP (mmHg) 88.33+1.21; 90 (60-120) 71.3840.93; 70 (60-85) 0.0007***
Fasting blood glucose (mg/dL) 144.74+14.20; 110 (57.96-381) 110.05+£12.12; 82 (39.60-297) 0.0500*

Values are given as mean + standard deviation; median (minimum-maximum).

n: number of patients; FFBM: fat-free body mass; FM: fat mass; BMI: body mass index; T-chol: total cholesterol; TG: triglyceride; HDL-chol: high-density
lipoprotein cholesterol; LDL-chol: low-density lipoprotein cholesterol; SBP: systolic blood pressure; DBP: diastolic blood pressure; *p<0.05; **p<0.01;
#*4%0<0.001

Table 3. Effect of BK B,R gene C-58T genotypes on various phenotypes in the hypertensive group

Bradykinin B,R gene C-58T genotypes

T/T (n=16) T/C (n=31) c/c (n=16) P
Weight (kg) 79.40+3.40; 77 (62-101) 78.47+2.04; 78 (60-99) 75.47+4.36; 72 (50-120) 0.688
Height (m) 1.61+0.02; 1.58 (1,50-1,75) 1.62+0.02; 1.59 (1.44-1.87) 1.6310.20; 1.63 (1.50-1.78) 0.805
FFBM (kg) 48.71+1.64; 47.130 (40.24-61.01) 48.73+1.28; 47.29 (38.62-63.74) 49.24+2.24; 48.09 (34.33-69.21)  0.763
FM (kg) 30.69+2.34; 29.76 (14.87-45.69) 29.74+1.53;29.13 (17.27-48.92) 26.22+2.47;25.13 (15.22-50.79)  0.800
BMI (kg/m?) 30.65+1.41;30.04 (22.50-42.87) 30.1310.96; 29.22 (22.02-42.29) 28.09+1.21;27.53 (22.22-39.18)  0.348
Waist

circumference (cm) 99.80+3.96; 99 (74-130) 99.70+2.18; 100 (76-125) 95.81%3.17; 96 (72-120) 0.583

(
T-chol (mg/dL) 232.53+10.97;232.14 (146-295)  191.87+8.54; 187 (124-274) 199+13.43; 198.50 (114-270)  0.008*

TG (mg/dL)
HDL-chol (mg/dL)

157.124£17.29; 127 (68-298) 139.85+14.17; 130 (55.80-383) 121.60£13.81; 119 (53-217) 0.429

52.11+3.70; 50 (34-79,77) 45.8042.14; 45.23 (28.40-74) 47.6444.05; 49 (24-65) 0.228

LDL-chol (mg/dL) 103.63+14.62; 79.50 (30.15-221)  99.379.42; 101 (23.58-177) 127.24+10.81; 124 (53-183)  0.960

SBP (mmHg) 151.88+5.26; 155 (100-180) 154.48+3.44; 150 (120-220) 145.63+3.29; 140 (120-170) 0.497
DBP (mmHg) 90+3.39; 90 (60-120) 87.58+1.55; 90 (70-110) 88.13+1.64; 90 (80-100) 0.181
Fasting blood

glucose (mg/dL) 110.13+31.72; 79 (67.14-298.98) 164.05+20.99; 159 (57.96-352)  147.77+25.01;113 (77-381)  0.050*

Values are given as meantstandard deviation; median (minimum-maximum).

n: number of patients; FFBM: fat-free body mass; FM: fat mass; BMI: body mass index; T-chol: total cholesterol; TG: triglyceride; HDL-chol: high-density lipoprotein
cholesterol; LDL-chol: low-density lipoprotein cholesterol; SBP: systolic blood pressure; DBP: diastolic blood pressure; T/T: wild-type genotype; T/C: heterozygote-
type genotype; C/C: polymorphic-type genotype

*p<0.05; **p<0.01; ***p<0.001

hibitor (p=0.0001), beta blocker (p=0.0001), acetyl salicylic
acid (p=0.0001), angiotensin II receptor blocker, sulfonylurea
10 (p=0.05), glinide (p=0.01), statin (p=0.002), calcium chan-

nel blocker (p=0.004), and oral antidiabetic (p=0.038) were
found to be higher in hypertensive individuals than non-hy-
pertensive individuals (Table 5).
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Table 4. The effect of BK B2R gene C-58T genotypes on various phenotypes in the non-hypertensive group

Weight (kg)
Height (m)
FFBM (kg)
FM (kg)
BMI (kg/m?)
Waist

circumference (cm)

T-chol (mg/dL)
TG (mg/dL)
HDL-chol (mg/dL)
LDL-chol (mg/dL)
SBP (mmHg)
DBP (mmHg)

Fasting blood
glucose (mg/dL)

1.64£0.02; 1.67 (1.50-1.78)
47.34+1.13;47.14 (40.43-54.81)
23.66£2.79; 19.97 (10.18-41.92)
26.5611.60; 23.67 (20.20-36.89)

186.46+10.92; 185 (115-232.41)
120.94+16.30; 97.46 (70-260)
49.64+3.77; 51.80 (34-67)
73.47+12.61; 52.19 (27.84-139)
117.69+2.87; 115 (100-130)
71.15+1.97; 70 (60-80)

122.35420.99; 97.97 (54-243)

T/T (n=16)
71+3.24; 70 (53-95)

(
(

85.60%4.71; 72 (67-120)

69.19+2.39; 66.50 (50-95)
1.64£0.02; 1,61 (1.50-1.80)

Bradykinin B2R gene C-58T genotypes

T/C (n=31) c/c (n=16) p
80.80+7.61; 76 (64-108) 0313
1.6740.03; 1.64 (1.62-1.79) 0.647

22.59+1.61;22.04 (11.86-43.17) 28.62+4.58; 28.95(15.87-41.37)  0.471

(

46.60+1.23;44.75 (34.33-60.71)  52.18+3.643; 49.405(47.05-66.63) 0.321
(
(

25.84+0.86; 24.69 (20.02-38.02)  28.88+1.96; 28.96 (22.94-33.71)  0.319

82.61+2.64; 79.50 (67-120)

101.675.09; 101 (85-120)  0.041*

175.58+10.23; 166 (49.48-307.35)  Insufficient number of samples  0.858

116.6819.60; 108.06(73-265.80) Insufficient number of samples ~ 0.409

47.19+2.96; 46 (24-71.13) Insufficient number of samples  0.410

89.43+17.07; 89 (30.15-368.43) Insufficient number of samples  0.183

119.31%1.56; 120 (100-130) 123£2; 12 (120-130) 0.497
70.69+1.16; 70 (60-85) 76+1.87; 75 (70-80) 0.181
100.92+16.42; 80 (39.60-297) 117£45; 117 (72-162) 0.662

Values are given as meantstandard deviation; median (minimum—-maximum). n: number of patients; FFBM: fat-free body mass; FM: fat mass; BMI: body mass index;
T-chol: total cholesterol; TG: triglyceride; HDL-chol: high-density lipoprotein cholesterol; LDL-chol: low-density lipoprotein cholesterol; SBP: systolic blood pressure;
DBP: diastolic blood pressure; T/T: wild-type genotype; T/C: heterozygote-type genotype; C/C: polymorphic-type genotype

In individuals with the C/C genotype, the values of T-chol, TG, HDL-chol, and LDL-chol are not given because of insufficient number of samples.

*p<0.05; **p<0.01; ***p<0.001

Table 5. Frequencies of drug use in hypertensive and non-

hypertensive groups
Hypertensive
n(%)

Diuretic 28 (44.4)
ACEinh. 19(32.2)
Nitrite 10(15.9)
BB 39 (61.9)
ASA 35 (55.6)
ATRB 9(14.3)
Sulphonylurea 12 (19)
Glinide 22 (34.9)
Insulin 12(19)
Thiazolidine 3(4.8)
Statin 25(39.7)
ccB 9(14.3)
OAD 33(52.4)

Non-hypertensive

n(%)
4(7.7)
2(3.8)
3(5.8)
5(9.6)
4(7.7)
1(1.9)
3(5.8)
7(13.5)
6(11.5)
1(1.9)
7(13.5)
0(0)
17 (32.1)

P
0.0001***
0.00071***
0.1380
0.0001***
0.0001***
0.0220*
0.0500*
0.0100*
0.3120
0.6250
0.0020**
0.0040*
0.0380*

Results are presented numerically (%). n: number of patients; ACEinh:
angiotensin-converting—enzyme inhibitor; BB: beta blocker; ASA:
acetyl salicylic acid; ATRB: angiotensin Il receptor blocker; OAD:

oral antidiabetic; CCB: calcium channel blocker *p<0.05; **p<0.01;

**%p<0.001

In the hypertensive group, the effects of drug use on the BK
B2R gene C-58T genotypes are given in Table 6. The usage
frequency of diuretic drugs (p=0.007) was found to be higher
in hypertensive individuals with the T/T genotype as com-
pared to those with the T/C or C/C genotypes, and the us-
age frequency of sulfonylurea (p=0.021) drugs was higher in
individuals with the C/C genotype than those with the C/T
or T/C genotypes (Table 6).

In the non-hypertensive group, the effects of drug use on
the BK B2R gene C-58T genotypes are given in Table 7.
In individuals with the C/C genotype, the usage frequency
of acetyl salicylic acid (p=0.003) drugs was found to be
higher than those with the T/T or T/C genotypes. There
were no significant effects on the other analyzed medicines
such as glinide, oral antidiabetic, metformin, insulin, and

statin (Table 7).

The association of hypertensive and non-hypertensive study
groups with other diseases has been analyzed in Table 8. In
the hypertensive group, the frequency of type-2 diabetes
(p=0.025) and metabolic syndrome (p=0.0001) was found to
be higher than in the non-hypertensive group (Table 8).

In Table 9, the risk factors associated with hypertension have
been presented using multiple logistic regression analysis. C-
58T polymorphism was not found to be an important risk

11
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Table 6. Comparison of the effects of BK B2R gene C-58T
polymorphism genotypes on drug use in the hypertensive

group

Bradykinin B,R gene C-58T genotypes

T/Tn(%) T/Cn(%) C/Cn (%) P
Diuretic 12(75) 12(38.7) 4(25)  0.007*
BB 12(75)  19(61.3) 8(50)  0.206
Nitrite 4 (25) 5(16.1)  1(63) 0370
ASA 10 (62.5) 19 (61.3) 6 (37.5) 0.216
ATRB 2 (12.5) 4(129) 3(18.8) 0.890
Sulphonylurea 0(0) 6 (19.4) 6 (37.5) 0.021*
Glinide 5(31.3) 11 (35.5) 6 (37.5) 0.855
Metformin 5(31.3) 8 (25.8) 1(6.3) 0.170
Insulin 3(18.8) 8 (25.8) 1(6.3) 0.260
Statin 8 (50) 12(387) 5(31.3) 0.371
CCB 2 (12.5) 2 (6.5) 5(31.3) 0.067
OAD 7 (43.8) 16 (51.6) 10(62.5) 0.380

Results are presented numerically (%). n: number of patients; BB: beta
blocker; ASA: acetyl salicylic acid; ATRB: angiotensin Il receptor blocker; OAD:
oral antidiabetic; CCB: calcium channel blocker; T/T: wild-type genotype; T/C:
heterozygote-type genotype; C/C: polymorphic-type genotype

*p<0.05; **p<0.01; ***p<0.001

Table 7. Comparison of the effects of BK B2R gene C-58T
polymorphism genotypes on drug use in the non-hyperten-
sive group

Bradykinin B,R gene C-58T genotypes

T/Tn(%) T/Cn (%) C/C n (%) p
ASA 0 (0) 1(3.3) 3(50) 0.003*
Glinide 2 (12.5) 5(16.7) 0 (0) 0.85
Metformin 4 (25) 7 (23.3) 0(0) 0.50
Insulin 1(6.3) 3(10) 2(33.3) 0.27
Statin 1(6.3) 5(16.7) 1(16.7) 0.61
OAD 6 (37.5) 9 (30) 2 (28.6) 0.91

Results are presented numerically (%). n: number of patients; ASA:
acetyl salicylic acid; OAD: oral antidiabetic; T/T: wild-type genotype;
T/C: heterozygote-type genotype; C/C: polymorphic-type genotype

Table 8. Relationship of the study group with type-2
diabetes, dyslipidemia, and metabolic syndrome

Non-
Hypertensive hypertensive
n(%) n(%) p
Type 2 diabetes mellitus 41 (66.1) 24 (44.4)  0.025*
Dyslipidemia 25 (40.3) 13 (29.5) 0.307
Metabolic syndrome 42 (66.7) 3(6.8) 0.0001**

Results are presented numerically (%).
n: number of patients; *p<0.05; **p<0.001

Table 9. Detection of hypertension-related risk factors via
multiple logistic regression analysis

Al
B SH OR P
B2R C-58T T/T Genotype 0.1120
B2R C-58T T/C Genotype -0.553 ~ 0.654 0.575  0.3980
B2R C-58T C/C Genotype 1.087 0.833 1.702 0.1920
Dyslipidemia -0.839 0.660 0.432 0.2030
Type 2 Diabetes Mellitus -1.675  0.726  0.187  0.0210*

Metabolic Syndrome 4.645 0.992 104.089 0.0001**
Obesity -0.274 0.643 0.760 0.6700

B2R C-58T T/T: wild-type genotype; B2R C-58T T/C heterozygote-type
genotype; B2R C-58T C/C: polymorphic-type genotype
*p<0.05; **p<0.001

factor when examined with other risk factors associated with
hypertension (Table 9).

Discussion

According to the results of many epidemiological studies, ge-
netic components mediate the formation of essential hyper-
tension. Experimental studies in recent years have shown that
the B2R gene has a protective role against the development
of hypertension and cardiovascular pathology (45-47). In the
studies conducted with mice having silenced B2R gene, the
presence of the kallikrein—kinin system was confirmed in car-
diac hypertrophy and microvascular diseases, but the baseline
blood pressure values did not differ in mice whose B2R gene
was abolished and in wild-type mice (48, 49). The overexpres-
sion of the BK B2R gene is associated with the drop in blood
pressure in transgenic mice (50). On the other hand, a slight
increase in blood pressure was observed in mice who were fed
with salt at very high rates and whose B2R gene was abol-
ished (51, 52). However, the blood pressure showed a slight
increase as compared to normal values in mice whose B2R
gene was abolished. The abolition of the B2R gene may inhib-
it the development of hypertension in experimental animals
(53). In humans, the frequency of salt-sensitive hypertension
has been reported to be higher in African Americans than in
Caucasians (54). In some studies, the rate of B2R expression
was found to be associated with certain renal pathologies in
genetically diabetic, 6-month-old mice (52). From the 12¢h
month onwards, the absence of B2R activation leads to the
development of many senescence-associated phenotypes such
as hair loss, skin atrophy, hunchback, bone erosion, testicular
atrophy, and programmed cell death in the testis and colon
with the accumulation of lipofuscin in renal proximal tubules
and testicular Leydig cells (53).

Mulatero et al. (44) determined the frequencies of the C/C,
C/T, and T/T genotypes as 32.3%, 49.1%, and 18.6%, re-
spectively, in hypertensive primary aldosteronism patients
(44). Mukae et al. (55) determined the genotype frequencies



as 28% and 18% for the C/C genotype, 59% and 57% for the
C/T genotype, and 13% and 25% for the T/T genotype in
hypertensive and non-hypertensive individuals, respectively
(55). Mulatero et al. (44) and Mukae et al. (55) have suggest-
ed that the B2R gene is a candidate gene in the formation of
essential hypertension (44, 55). Fu et al. (41) investigated the
effect of B2R C-58T polymorphism on essential hyperten-
sion by using the study groups of 275 hypertensive and 441
non-hypertensive individuals. They found the genotype fre-
quencies in hypertensive and non-hypertensive study groups
as 24% and 22% for the C/C genotype, 51% and 52% for
the C/T genotype, and 25% and 26% for the T/T genotype,
respectively (41). Fu et al. (41) could not find any significant
association between B2R C-58T polymorphism and essential
hypertension. In our study, the frequencies of B2R C-58T
genotypes in hypertensive and non-hypertensive study groups
were found as 25.4% and 12.5% for the C/C genotype,
49.2% and 58.9% for the T/C genotype, and 25.4% and
28.6% for the T/T genotype, respectively; however, there was
no correlation between the B2R gene C-58T polymorphism
and hypertension.

There are conflicting results about the relationship between
the B2R gene C-58T polymorphism and essential hyperten-
sion (1). It has been reported that Asian and African Ameri-
can populations have the B2R gene C-58T risk allele less
frequently in comparison to the Caucasian population and,
therefore, they have a lower risk of hypertension (1). A positive
association between the B2R gene C-58T polymorphism and
essential hypertension has been reported in a study conducted
on Europeans (1). Although the -58T allele had a protective
effect on essential hypertension in Asians and African Ameri-
cans, no association was found between the B2R gene C-58T
polymorphism and essential hypertension (1). According to
a meta-analysis study, no variation of the BK B2R gene was
found to be effective on essential hypertension (1). Mukae et
al. (55) studied 100 hypertensive and 100 non-hypertensive
samples to investigate the effects of the B2R gene C-58T
polymorphism on essential hypertension and found that this
polymorphism is a candidate gene for the development of es-
sential hypertension in the Japanese population. Fu et al. (41)
investigated the effects of B2R gene C-58T polymorphism
and ACE I/D polymorphism on left ventricular hypertrophy
(LVH) in untreated hypertensive individuals and found that
this polymorphism was a risk factor for LVH and it had a
synergistic effect with ACE I/D polymorphism. However, this
polymorphism was not associated with hypertension in the
Japanese population. A multiple logistic regression analysis
performed in the current study did not reveal a significant re-
lationship between the B2R gene C-58T polymorphism and
essential hypertension. The frequency of BK B2R gene -58T
allele differs in ethnic origins.

According to the results we obtained, SBP and DBP values
that were not found to be statistically significant in the hy-
pertensive group were found to be lower in individuals with
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the C/C genotype than those with the T/T genotype. This
can be explained by the fact that the B2R gene has a low tran-
scriptional expression to the C-58T polymorphism. This may
confirm the hypothesis that the -58C allele has a protective
effect against hypertension.

Akuyam et al. (56) showed that while the T-chol concentra-
tion was significantly associated with DBP in hypertensive
and non-hypertensive subjects, T-chol values were significant-
ly higher in hypertensive subjects than in non-hypertensive
subjects. It is well known that the blood pressure increases
with the T-chol level (56). In our study, similar to the study of
Akuyam et al. (56), the T-chol level (p=0.007) was found to
be highly significant in hypertensive individuals. However, T-
chol values (p=0.008) were found to be lower in hypertensive
individuals with the C/C allele as compared to the T/T allele.
In contrast to the individuals with the T/T allele, it can be
considered that the C/C genotype may lower the T-chol levels
in the C/C genotype individuals with low SBP and DBP.

Cubeddu et al. (57) reported that blood glucose levels were
effective on blood pressure control. It has been reported that
glucose increases the blood pressure in endothelial dysfunc-
tion and the glucose levels above normal values increase car-
diovascular mortality. Similar to the results of the study of
Cubeddu et al. (57), glucose levels in hypertensive individuals
with the C/C allele (p=0.05) were found in our study to be
higher than in hypertensive individuals with the T/T allele.
This may indicate that the presence of the T/T allele has a
lowering effect on the blood glucose levels in hypertensive
patients.

Mulatero et al. (44) investigated the effect of B2R gene C-
58T genotypes on BMI in patients with hypertensive pri-
mary aldosteronism and found that BMI measurements in
individuals with the T/T genotype were lower than those
with the T/C or C/C genotypes. In our study, it was deter-
mined that the measurements of BMI and waist circumfer-
ence changed depending on the B2R gene C-58T genotypes,
and it was found that individuals with the C/C genotype
had higher levels of measurement than the individuals with
the T/T genotype. In the presence of the T/T genotype in
individuals, the decrease in the levels of BMI and waist cir-
cumference may indicate that this genotype has a protective
effect on obesity.

According to our literature review, no pharmacogenomic
studies were found in relation with the B2R gene C-58T gen-
otypes. In our study, the frequency of patients using diuretic
group drugs (p=0.007) among hypertensive individuals with
the T/T genotype was found to be higher than hypertensive
individuals with T/C or C/C genotypes. This indicates that
among the dyslipidemic patients that constitute 40.3% of the
hypertensive group, individuals with the T/T genotype ben-
efit from this drug. Similar to this, among the T2DM patients
that constitute 66.10% of the hypertensive group, those with
the C/C genotypes benefit from sulfonylurea group drugs at
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a higher rate (p=0.021) than those with the other genotypes.
The usage frequency of salicylic acid (p=0.003) was found to
be higher in non-hypertensive subjects with the C/C geno-
type as compared to subjects with other genotypes.

The study will be continued by increasing the number of in-
dividuals in the patient and control groups in order to achieve
results with higher statistical reliability.

Conclusion

In conclusion, it has been determined that the BK B2R gene
C-58T polymorphism is not effective on hypertension, but it
is related with blood glucose, T-chol levels, and waist circum-
ference. However, due to the effect of the C/C genotype on
raising the blood glucose level, hypertension patients should
consider the possibility of being diabetic. It may be consid-
ered that hypertensive individuals with the C/C genotypes do
not benefit adequately from the diuretic group of drugs.
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