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Abstract: Coronary artery disease (CAD) is a disease in which a waxy substance called plaque builds up inside the 
coronary arteries. Apelin is a novel endogenous peptide with inotropic and vasodilatory properties and is the ligand 
for the angiotensin receptor-like 1 (APJ) receptor. We aimed to determine genotype and allele frequencies of APJ 
receptor A445C gene polymorphism in Turkish patients with CAD and healthy controls by RFLP-PCR. This study was 
performed on 159 unrelated CAD patients and 62 healthy controls. We obtained AA, AC and CC genotype frequen-
cies in CAD patients as 41.5%, 49.1% and 9.4%, respectively. In the control group, frequencies of genotypes were 
found as 35.5% for AA, 48.4% for AC and 16.1% for CC. We did not observe difference in APJ receptor A445C poly-
morphism between CAD patients and healthy controls (χ2 = 2.178; df = 2; P = 0.336). The A allele was encountered 
in 66% (210) of the CAD and 59.7% (74) of the controls. The C allele was seen in 34% (108) of the CAD and 40.3% 
(50) of the controls. Allele frequencies of interested genes were not significantly different between groups (χ2 = 
1.57; df = 1; p = 0.225). The frequencies of APJ receptor A445C genotype were not significantly different between 
control and patients. None of the three APJ receptor A445C genotypes, AA, AC and CC displayed significant differ-
ence in CAD patients. We did not find any difference in the clinical parameters except for weight and diastolic blood 
pressure levels in the AA, AC and CC genotypes of patients. Individuals with CC genotypes had significantly higher 
weight, systolic and diastolic blood pressure levels and systolic blood pressure than other genotypes, P ≤ 0.05. In 
addition, HDL-C level was found decreased, but this reduction was not statistically significant. Contrarily, the low 
levels of weight, SBP, DBP and TC were statistically significant in the subjects with AA genotype in CAD. In conclu-
sion, CC genotype carriers may have more risk than other genotypes in the development of hypertension in CAD, but 
not AAgenotype carriers. We suggest that this polymorphism may not be a marker of CAD, but it may cause useful 
in function of the apelin/APJ system and may be a genetic predisposing factor for diagnostic processes and can be 
helpfull in finding new treatment strategies. We think that it is required to further comprehensive studies in order to 
make clear this situation in CAD.
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Introduction

Coronary artery disease (CAD) is a common dis-
ease and among the leading cause of death in 
the general population. It is the most common 
form of heart disease known that as a complex 
disease. It occurs when arteries in the heart 
are blocked, due to both environmental and 
genetic aetiological determinants [1]. CAD has 
a number of well determined risk factors. A 
number of risk factors have been recognised 

as contributing to the disease, including obesi-
ty, hypertension, hyperlipidemia, diabetes, 
smoking, and family history of premature CAD, 
lack of exercise, stress [2].

The apelinergic system, consisting of apelin 
and APJ receptor pathway has emerged as an 
essential novel mediator of cardiovascular dis-
ease [3, 4]. The APJ receptorwhich was identi-
fied as the receptor for the adipokine apelin is a 
7-transmembrane domain receptor that was 
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first cloned in 1993 [5, 6]. The APJ receptor has 
been shown to counteract damaging effects of 
angiotensin II [7]. In the human cardiovascular 
system, apelin and APJ receptor are both 
expressed in the heart. APJ receptor is localized 
to endothelial and smooth muscle cells, and 
cardiomyocytes [8]. It plays an important role in 
the regulationfluid and glucose homeostasis, 
vessel formation, inhibition of vasopressin 
release, regulation of vascular tone, decreases 

diomyopathy, chronic kidney disease and 
inflammatory disease were excluded. Clinical 
data of the patients are documented in Table 
1. The control group consisted of 62 healthy 
age-matched subjects. The CAD group consist-
ed of 42 females and 117 males, and the con-
trol group consisted of 31 females and 31 
males. Participants of each group were chosen 
among the Turkish population. The procedures 
were explained to all subjects, and a written 
informed consent was obtained from each indi-
vidual. The study protocol conformed to the 
ethical guidelines of Declaration of Helsinki and 
was approved by the Ethics Committee of 
Uludağ University (Bursa, Turkey).

Serum levels of total cholesterol (TC) low den-
sity lipoprotein cholesterol (LDL-C), high-density 
lipoprotein cholesterol (HDL-C), triglycerides 
(TG), fasting blood glucose (FBG), blood urea 
nitrogen. (BUN) and creatinine were analyzed 
with commercial kits (Beckman-Coulter, USA) in 
an autoanalyser (BeckmanCoulter LX-20, USA). 
The weight sand heights were obtained to cal-
culate body mass index (BMI) and obesity was 
defined as BMI > 30 kg /m2. The average of two 
measurements of blood pressure (BP) with the 
subject in the sitting position was taken at a 
2-3 min interval after resting for at least 15 
min. 

Table 1. Basic characteristics of control and CAD
Control
(n = 62)

CAD
(n = 159)

P-
value

Age (years) 61.8 ± 1.43 64.0 ± 0.96 0.497
Height (cm) 170.1 ± 0.89 169.1 ± 0.57 0.427
Weight (kg) 75.2 ± 1.23 77.3 ± 0.72 0.808
BMI (kg/m2) 25.9 ± 0.30 27.0 ± 0.24 0.024
SBP (mmHg) 128.0 ± 2.01 131.8 ± 1.18 0.530
DBP (mmHg) 79.8 ± 2.95 78.4 ± 0.81 0.209
TC (mmol/L) 186.4 ± 4.52 172.3 ± 3.66 0.046
LDL-C (mmol/L) 103.6 ± 4.17 104.1 ± 2.87 0.272
HDL-C (mmol/L) 48.4 ± 1.60 43.3 ± 1.47 0.251
TG (mg/dL) 165.3 ± 12.0 155.7 ± 8.04 0.863
FBG (mmol/L) 108.4 ± 2.75 128.6 ± 5.30 0.000
BUN (mmol/L) 39.0 ± 2.95 37.78 ± 1.75 0.757
Creatinine (mg/L) 0.88 ± 0.04 0.94 ± 0.04 0.456
Values are presented as mean ± SEM. Abbreviations: CAD, coro-
nary artery disease; BMI, body mass index; SBP, systolic blood 
pressure; DBP, diastolic blood pressure; TC, total cholesterol; 
LDL-C, low density lipoprotein cholesterol; HDL-C, high-density 
lipoprotein cholesterol; TG, triglycerides; FBG, fasting blood glu-
cose, BUN, blood urea nitrogen.

blood pressure and increases diuresis as 
well as playing a role in diabetes and obesity 
[9]. 

APJ receptor A445C gene polymorphism can 
provide benefits to improve clinical treat-
ments and help us understand CAD patho-
physiology and development. Therefore, we 
aimed to determine the genotype and allele 
frequencies of APJ receptor A445C gene 
polymorphism in Turkish patient with CAD 
and healthy controls. 

Methods and methods

The study was conducted with the collabora-
tion of Department of Cardiovascular Surgery 
of Namık Kemal University in Tekirdağ, 
Turkey and the Department of Physiology of 
Dumlupınar University in Kütahya, Turkey. 
CAD was diagnosed on the basis of the 
patients’ clinical history, a physical examina-
tion and coronary angiography, according to 
the World Health Organization criteria [10]. 
Individuals with valvular heart disease, car-

Figure 1. PCR-RFLP analysis of APJ A445C gene poly-
morphism: AA (4, 5, 215 bp), AC (2, 3, 135-215 bp), 
CC (1, 135 bp), M (Marker, 100 bp). The PCR prod-
ucts were separated by means of agarose gel elec-
trophoresis and stained with ethidium bromide.
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Genetic analysis of APJ A445C gene polymor-
phism

DNA was isolated from peripheral blood leuko-
cytes by GeneJET RNA Purification Kit (Thermo, 
Cat No: # K0722) according to the manufactur-
er’s protocol and genotyped by polymerase 
chain reaction-restriction fragment length poly-
morphism (PCR-RFLP) method. Single nucleo-
tide polymorphism in the promoter region of 
APJ receptor gene A445C area was analyzed by 
the method of Falcone et al. [11]. The region 
obtained from the genomic DNAs was amplified 
with proper primers in PCR (method). PCR mix-
ture included 30 ng genomic DNA, 0.5 nmol/L 
forward primer (5’-CAG CAT GGA GGA AGG TGG-
3’), 0.5 nmol/L reverse primer (5’-GAC CCG CAG 
CCT CAG CCG-3’), 0.2 mmol/L dNTP, 1.5 
mmol/L MgCl2, 10X PCR buffer, 0.025 U/mL 
Taq DNA polymerase; 50 μL of total PCR vol-
ume was studied. PCR conditions were hot 
start at 94°C for 3 min and 94°C for 30 sec, 
62°C for 30 sec, 72°C for 1 min; the procedure 
was repeated 35 times. Duration of waiting 
time was 5 min at 72°C. The products obtained 
were visualized in 2% agarose gel and then the 
436 bp of PCR products were digested with 
MwoI (New England Biolabs, Beverly, MA, USA) 
restriction enzyme at 37°C during the night. 
The restricted products were electrophoresed 
in 3% of agarosegel containing ethidiumbro-
mide. Gels were visualized with the UV gel doc-
umentation system, bands were evaluated, and 
the genotyping was done. Evaluation of allele 
naming was 215 bp AA, 135 bp CC, 135-215 
bp AC (Figure 1).

predicted by Hardy-Weinberg (HW) equilibrium 
equation (p2 + 2pq + q2 = 1) by the Chi-Square 
test, where p is frequency of dominant allele A 
and q is frequency of recessive allele C. The 
Chi-square test was used for comparison of 
genotype and allele frequencies between 
groups. All P values ≤ 0.05 were accepted as 
statistically significant.

Results

The comparison of basic characteristics data of 
the controls and CAD groups is given in Table 1. 
There were statistically significant differences 
between the groups for BMI, TC, and FBG. No 
significant differences between groups were 
detected for age, height, weight, SBP, DBP, LDL-
C,HDL-C, TG, BUN, and creatinine.

The frequency of the genotype for the APJ 
receptor A445C gene polymorphism in the con-
trol and CAD groups did not show a significant 
deviation from the HW equilibrium (P > 0.05) 
(Table 2). Three different genotypes and allele 
frequencies of the APJ receptor A445C gene 
polymorphism were AA, AC and CC genotypes 
and A and C alleles, respectively. Allele frequen-
cies and genotypes of the APJ receptor A445C 
gene polymorphism in CAD patients and healthy 
controls are shown in Table 3. The frequencies 
for each of the APJ receptor genotype were 
found as 41.5% for AA (66), 49.1% for AC (78) 
and 9.4% for CC (15) in the CAD group; 35.5% 
for AA (22), 48.4% for AC (30) and 16.1% for CC 
(10) in the control group. The distribution of APJ 
receptor genotypes was not found significantly 
different between groups (χ2 = 2.178; df = 2; P 

Table 2. Allele/Genotype frequencies and test of Hardy-
Weinberg (HW) equilibrium

Controls CAD
f (A) 0.596 0.660
f (C) 0.404 0.340

O E O E
AA 22 22.08 66 69.34
AC 30 29.84 78 71.32
CC 10 10.08 15 18.34

x2 = 0.001, df = 2, P = 0.99 x2 = 1.37, df = 2, P = 0.50
f = observed frequency of each allele (A or C); O = observed genotype 
numbers; E = expected genotype numbers under a Hardy-Weinberg 
(HW) equilibrium assumption; X2 = Chi-square values; P = probability 
of difference.

Statistical analysis

Statistical analyses were done by SPSS 
(Statistical Package for Social Sciences, 
Chicago, IL, USA) 16.0 package program. 
All data are given as mean ± standard 
error of the mean (SEM). Independent 
sample t test were used to analyse differ-
ences in continuous variables between 
control and CAD patients. Mann-Withney 
U test were used to analyze differences 
in continues variables between two gen-
otypes. Kruskal-Wallis test were used to 
analyze differences in continues vari-
ables among three genotypes. Genotype 
frequencies were compared with values 
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= 0.336) (Table 3). The A allele was encoun-
tered in 66% (210) of the CAD and 59.7% (74)  
of the controls. The C allele was seen in 34% 
(108) of the CAD and 40.3% (50) of the con-
trols. Distribution of the alleles was similar in 
both groups (χ2 = 1.57; df = 1; P = 0.225) (Table 
3). 

In CAD patients, clinical characteristics as 
weight and DBP among the three APJ receptor 
A445C genotype, AA, AC and CC, were observed 
a significant differences (according to Kruskal-
Wallis test, Table 4). Weight, SBP, DBP of 
patients with AA genotypes was found to be 
significantly lower than CC genotypes individu-
als in CAD group, P ≤ 0.05 (Table 4). In CC geno-
types individuals DBP levels was found 
significantly higher than AA and AC genotypes 

hypercholesterolemia, alcohol intake, smoking, 
diabetes and hypertension [12, 13]. APJ recep-
tor occurs not only in human cardiomyocytes 
and endothelial cells, but also in vascular 
smooth muscle cells [14]. At the subcellular 
level, APJreceptor is localized in the T tubules 
and intercalated disks [15]. Within the myocar-
dium itself, Apelin-APJ receptor activation 
increases contractility of myocardiocytes and is 
one of the most powerful positive inotropes 
known [3]. The apelin-APJ receptor signaling 
pathway has emerged as an important novel 
mediator of cardiovascular control and blood 
pressure homeostasis [16]. To our knowledge, 
this is the first study to investigate a common 
genotypic and allelic variant in the APJ receptor 
A445C gene and its association with CAD in 
Turkish subjects. 

Table 3. Distribution of APJ A445C gene polymorphism in control and 
CAD

Genotypes Alleles
AA AC CC A C

n % n % n % n % n %
CAD (n = 159) 66 41.5 78 49.1 15 9.4 210 66 108 34
Controls (n = 62) 22 35.5 30 48.4 10 16.1 74 59.7 50 40.3

χ2 = 2.178 df = 2 P = 0.336 χ2 = 1.57 df = 1 P = 0.225

Table 4. The comparisons of characteristics among the genotypes in CAD 
patients

Apelin receptor (APJ) A445C gene polymorphism
AA AC CC P-value

Age (years) 64.8 ± 1.50 62.8 ± 1.35 66.8 ± 3.29 0.325
Height (cm) 167.6 ± 0.89 169.9 ± 0.79 171.9 ± 1.96 0.090
Weight (kg) 75.3 ± 1.96a 78.5 ± 1.14 80.3 ± 1.99a 0.05
BMI (kg/m2) 26.9 ± 0.37 27.1 ± 0.35 27.2 ± 0.77 0.685
SBP (mmHg) 130.4± 1.93a 132.0 ± 1.59 137.3 ± 3.92a 0.115
DBP (mmHg) 77.0 ± 1.35a 78.0 ± 1.04b 86.6 ± 2.42a,b 0.008
TC (mmol/L) 163.9 ± 5.24a 181.0 ± 5.17a 164.3 ± 14.9 0.097
LDL-C (mmol/L) 97.9 ± 4.29 109.9 ± 4.17 100.8 ± 9.37 0.206
HDL-C (mmol/L) 41.8 ± 1.31 42.7 ± 1.35 40.4 ± 3.98 0.401
TG (mg/dL) 160.2 ± 14.8 151.7 ± 9.00 157.3 ± 30.3 0.889
FBG (mmol/L) 122.7 ± 6.67 136.3 ± 9.05 114.7 ± 8.08 0.383
BUN (mmol/L) 37.8 ± 2.36 38.1 ± 2.91 35.5 ± 3.34 0.683
Creatinine (mg/L) 0.97 ± 0.08 0.91 ± 0.05 0.97 ± 0.05 0.375
P: Shows the differences between all groups (Kruskal Wallis test). a,b; In each line, the 
difference between the means with same letters are significant, P ≤ 0.05 (Mann-Whitney 
U test). Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic 
blood pressure; TC, total cholesterol; LDL-C, low density lipoprotein cholesterol; HDL-C, high-
density lipoprotein cholesterol; TG, triglycerides; FBG, fasting blood glucose, BUN, blood 
urea nitrogen.

with subjects (Table 4). 
In addition, TC levels 
between AA and AC 
genotypes differed si- 
gnificantly and the high 
level of TC was ob- 
served in CAD group 
with AC genotypes indi-
viduals P ≤ 0.05 (Table 
4). 

No significant differen- 
ce was found between 
the three APJ receptor 
A445C genotypes of 
control group in terms 
of the clinical parame-
ters except for HDL-C. 
HDL-C on AA genotypes 
individuals was found 
lower than subjects 
with CC genotypes in 
control group, P = 
0.008 (Figure 2). 

Discussion

Coronary artery dis-
ease (CAD) is the pre-
dominant cause of 
death and morbidity 
worldwide which cau- 
sed by both individual’s 
genetic makeup and 
various environmental 
factors such as obesity, 
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Falcone et al. [7] investigated the role of the 
G212A and A445C apelin-APJ polymorphisms 
in hypertensive Italian subjects with CAD and 
found no difference between patient and con-
trol groups in terms of allele and genotype fre-
quencies [11]. Jin et al. [17] sought to investi-
gate the association of 5 promising polymo- 
rphisms (rs3761581, rs56204867, rs7119375, 
rs10501367, rs9943582) in the apelin/APJ 
pathway with CAD among 1702 hypertensive 
Chinese patients. Single-locus analyses exhib-
ited no significant differences in the genotype/
allele frequencies of the examined polymor-
phisms between CAD patients and controls 
[17]. Moreover, Hinohara et al. [18] in the 
Japanese and Korean populations also failed  
to observe a positive association between 
rs9943582 in APJ receptor gene and CAD [18], 
in agreement with the results of our single-
locus analysis. Our study revealed that there 
was not statistically significant difference 
between CAD patients and control group for 
APJ receptor A445C genotypes in Turkish 
patients. We obtained AA genotype in 66 
(41.5%) cases, AC genotype in 78 (49.1%) 
cases and CC genotype was found in 15 (9.4%) 
cases of CAD in Tekirdağ province. There is a 
lack of information about the relationship 
between variants in the APJ receptor A445C 
gene and CAD in the literature.

APJ receptor A445C gene appears to be com-
plex and is currently poorly understood. 
Genotype and allele functional role of APJ 
receptor A445C gene has not yet been identi-

fied.In present study, age, heart, BMI, SBP, TC, 
LDL-C, HDL-C, TG, FBG, BUN and creatinine lev-
elswere not significantly different between the 
patients with CAD in the three different geno-
types of APJ receptor A445C gene (P > 0.05) 
(Table 4). Weight, SBP and DBP levels were 
found significantly higher in individuals with CC 
geno types compared to the other genotypes in 
the patients with CAD. In addition, HDL-C level 
was found decreased, but this reduction was 
not  statistically significant. At the same time 
HDL-C level of subjects with CC genotype in 
controls was higher than those of subjects with 
AA genotype. These findings suggest that CC 
genotype carriers may be under more risk for 
development of hypertension in CAD, due to the 
increase of weight, SBP and DBP and decrease 
HDL-C levels. Previous studies suggested that 
decreased HDL-C [19] and raised blood pres-
sure levels are well-known risk factors for the 
pathogenesis of the disease [20]. It is generally 
accepted that HDL-C levels are inversely asso-
ciated with risk of CAD [21]. In addition, in this 
study, weight, SBP, DBP and TC levels of sub-
jects with AA genotype in CAD was lower than 
those ofsubjects with other genotypes.
Therefore, AA genotype may be protective for 
hypertension, CAD and may not be a risk 
factor.

In conclusion, the results of the present study 
demonstrated that CAD patients did not differ 
from the healthy subjects for APJ receptor 
A445C gene polymorphism. In this study, 
weight, SBP, DBPand HDL-C were found to be 
significantly different in the genotypes distribu-
tions of APJ receptor A445C gene within CAD 
patients. We estimate that this polymorphism 
may not be a marker of CAD, but it may cause 
useful in function of the apelin/APJ system and 
may be a genetic predisposing factor for diag-
nostic processes. In particular, the APJ receptor 
gene appears to be a regulatory gene involved 
in the assessment of risk of hypertension in the 
CAD and can be helpfull in finding new treat-
ment strategies. Our results could serve as a 
basis for a large-scale study in CAD between 
the APJ receptor A445C genotypes. We think 
that it is required to further comprehensive 
studies in order to make clear this situation in 
CAD.
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