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The association between apelin gene polymorphism
and coronary artery disease in young patients with
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ABSTRACT

ÖZET

Objective: The purpose of this study was to evaluate the association between V103V, 6140AG, TGA-Stop-TAA Stop, and
6016CA polymorphisms of the apelin (APLN) gene detected
for the first time among young patients with acute coronary
syndrome (ACS) and coronary artery disease (CAD).

Amaç: Biz bu çalışmayla genç akut koroner sendromlu (AKS)
olgularda apelin (APLN) geninin ilk defa tespit edilen V103V,
6140AG, TGA-Stop-TAA Stop ve 6016CA polimorfizmlerinin
kritik koroner arter hastalığı (KAH) varlığı ile ilişkisini değerlendirmeyi amaçladık.

Results: Among the gene polymorphisms, V103V was found to
be more common in the critical CAD patients with the GG genotype compared with the control group (67.4% vs. 46.3%). On the
other hand, the GT genotype was more common in the control
group (53.7% vs. 32.6%). Univariate and multivariate logistic regression analysis revealed that the GG genotype of V103V was
an independent predictor for the presence of critical CAD (odds
ratio: 2.397; 95% confidence interval, 1.174–4.892; p=0.016).

Bulgular: Gen polimorfizmlerinden V103V’nin GG genotipi
kritik KAH’lı hastalarda kontrol grubuna göre daha sık rastlandı (%67.4 ve %46.3). Buna karşın GT genotipi kontrol
grubunda daha sıktı (%53.7 ve %32.6). Tek ve çok değişkenli lojistik regresyon analizinde, V103V’nin GG genotipinin kritik KAH varlığı için bağımsız öngördürücü olduğu saptandı (odds oranı: 2.397; %95 Güven Aralığı 1.174–4.892;
p=0.016).

Methods: This was a prospective cross-sectional study. The
study population was divided into 2 groups. The first group
included 132 patients who were found to have critical lesions
in their coronary arteries, while the control group consisted of
41 patients who were found to have normal coronary arteries
or non-critical atherosclerotic lesions.

Conclusion: In cases of V103V polymorphism of the APLN
gene, patients with the GG genotype were at a greater risk for
the presence of atherosclerotic critical lesions compared with
the control group.

Yöntemler: Bu çalışma ileriye dönük kesitsel bir çalışmadır. Çalışmaya alınan olgular iki gruba ayrıldı. Birinci
grubu koroner arterlerinde kritik lezyon saptanan 132 hasta oluşturdu. Kontrol grubunu ise koroner arterleri normal
veya kritik olmayan aterosklerotik lezyon saptanan 41 olgu
oluşturdu.

Sonuç: Apelin geni V103V polimorfizminde GG genotipine
sahip hastalar aterosklerotik kritik lezyon varlığı yönünden
kontrol grubuna göre yüksek risk altındadır.
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C

oronary artery disease Abbreviations:
(CAD) is defined as ACS Acute coronary syndrome
the most important cause APLN Apelin
of morbidity and mortal- CAD Coronary artery disease
CI
Confidence interval
ity globally.[1,2] Although DM Diabetes mellitus
coronary
atherosclero- OR Odds ratio
sis develops early in life,
acute coronary syndrome (ACS) is rarely found in
young adults.[3] Therefore, a majority of the studies
conducted on ACS focus on middle-aged and elderly
patients.[4,5] The prevalence of CAD is low among
young patients, whereas there is increased mortality
among middle-aged and elderly patients.[6] Furthermore, the traditional risk factors are known to be less
common among young ACS patients. Therefore, it is
imperative to explore new risk factors for this group
of patients. Many clinicians have studied the traditional risk factors associated with ACS. Meanwhile,
cardiovascular genetic studies have provided significant contributions explaining the mechanisms of premature coronary atherosclerosis.[7]
Apelin (APLN)/APJ is prevalent in the vascular
endothelial cells. The apelinergic system plays a significant role in the proliferation of endothelial cells in
the system; hence, it is proposed as a prognostic factor in ischemic events.[8] The APLN gene is one of the
major genes debated in recent cardiovascular genetic
studies. The APLN gene, coded on the Xq25–26.1
chromosome, comprises 3 exons and 1726 base pairs.
[9]
As ongoing research supports the important role of
the APLN gene in the cardiovascular system, there is
an increasing number of studies exploring the association between APLN/APJ gene polymorphism and
hypertension (HT), diabetes mellitus (DM) and CAD.
The aim of this study was to evaluate the association between the presence of critical CAD and APLN
gene polymorphisms (V103V, 6140AG, TGA-StopTAA Stop, 6016CA polymorphisms) in patients aged
≤45 years who were admitted with ACS.
METHODS

This single-center, prospective, cross-sectional study
included the 173 young patients (18–45 years of age),
who were admitted to the emergency department from
2011 to 2015 who were considered to have ACS and
who underwent coronary angiography. Approval for
the study was obtained from the ethics committee of
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Antalya Education and Research Hospital. Written,
informed consent was obtained from all participants.
The genetic analysis of the study population was performed in the laboratory of the medical biology and
genetics department. All patients underwent coronary
angiography and all records were re-evaluated by a
blinded physician who was unaware of the genetic
analysis.
Study group
The study included 173 patients aged 18 to 45 years
who were diagnosed with ACS (ST-elevated myocardial infarction, non-ST-elevated myocardial infarction, unstable angina). The demographic data of the
patients were recorded. Electrocardiogram and angiography records of all the patients included in the
study were evaluated by the same cardiologist. In our
study, those patients who had a minimum of 50% stenosis in the left main coronary artery and a minimum
of 70% stenosis in the other vessels according to the
coronary angiography were categorized as the “critical CAD group,” while those patients with normal or
non-critical atherosclerotic lesions were assigned to
the control group. A flow chart of the patient selection
procedure is presented in Figure 1.
DNA extraction and sequencing
From patients in each group, 3 cc of whole blood was
taken in ethylenediaminetetraacetic acid tubes, and
stored at 80ºC. The DNA extraction was performed using the QIAmp DNA Mini Kit (Qiagen, N.V., Hilden,
Germany). Polymerase chain reaction amplifications
were performed with Qiagen HotStartTaq DNA Polymerase Kit (Qiagen, N.V., Hilden, Germany) using a
standard application protocol described in the manufacturer’s instructions. In a total volume of 12 mL for
40 cycles, each cycle consists of denaturation for 10
minutes at 95ºC and 40 cycles of 15 seconds at 95ºC,
primer annealing for 30 seconds at the specific Tm for
each primer pair, extension at 72ºC for 1 minute, and
at the end of the cycles, a last extension for 7 minutes
at 72ºC in a thermal cycler (Applied Biosystems, Inc.,
Foster City, CA, USA). Shrimp alkaline phosphatase
and exonuclease 1 purification protocol was applied
for PCR purification. The purified PCR products were
submitted for sequencing using a BigDye Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems,
Inc., Foster City, CA, USA). The sequenced products
were run on the Applied Biosystems AB3100 (Ap-
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Patients exluded from the study
(n=54) were
• Patients with malignancies
• Patients with CVDs such as cardiac
falure, myopericarditis in addition
to ACS
• Patients who are drug and
substance addicts
• Pregnants
• Patients with diseases other than
ACS, DM, HT, hyperlipidemia
• Patients who did not want to be
involved in the study
• Patients from whom consent froms
could not be taken.

Blood samples
collected in EDTA
tubes were stored at
+4 degrees for 3–5
days

Patients consirded
to be
eligible and included
in the study
(n=412)

Patients from whom
blood samples were
collected in EDTA
tubes and consent
forms were taken
from (n=185)

Blood samples were sent to the
Medical Genetic and Biology Lab for
DNA isolation under appropriate
storage and transport conditions

No of patients
reached
(n=356)

Patients who came
for routine cardiac
control during the
study and accepted
to participate in the
study (n=191)

12 patients could not complete the
study due to technical reasons.
Total number of patients finally included
in the study (n=173)

Figure 1. Patient flow chart. CVD: Cardiovascular disease; ACS: Acute coronary syndrome; HT: Hypertension; DM: Diabetes mellitus.

plied Biosystems, Inc., Foster City, CA, USA). The
primers and sequences of the polymorphisms are provided in Table 1.
Statistical analysis

The sequence analysis was performed using Mutation
Surveyor, Version 2.09 software (Softgenetics, LLC,
State College, PA, USA). The data collected from the
patients during the study were uploaded to IBM SPSS
Statistics for Windows, Version 21.0 (IBM Corp.,
Armonk, NY, USA) and subjected to percentage and
Table 1. Location of the designed primers on the APLN
gene

Name of primer

5’→ 3’ sequence

Apelin-Exon1-F

CCGATGACCACATGACCAAG

Apelin-Exon1-R

GAATAGGGCGGAGGGAAAG

Apelin-Exon2-F

GTGGTCTGCAGCCCCTG

Apelin-Exon2-R

ATCACCCGGCTTCTAGGC

statistical analysis. The Shapiro-Wilk goodness of fit
test was used to check if the assumptions of the parametric test statistic were achieved. The KolmogorovSmirnov goodness of fit test was used to check if the
assumptions of the parametric test statistic were realized. Continuous variables without normal distribution were analyzed using the Mann-Whitney U test
and the obtained values were presented as median
(50th) values and interquartile ranges (25th and 75th),
while the categorical variables were presented as
percentages. The chi-square test was used, since the
expected frequency was lower than 25% for the statistical distribution of the APLN V103V and 6140AG
genotypes and HT (blood pressure ≥140/90 mmHg or
under anti-HT treatment), hyperlipidemia (total cholesterol ≥200 mg/dL, low-density lipoprotein cholesterol ≥130 mg/dL), family history (CAD before the
age of 55 in males and 65 in females among first-degree relatives), DM (fasting blood glucose >126 mg/
dL, second hour value in oral glucose tolerance test
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>200 mg/dL) and smoking, whereas Fischer’s exact
test was used for the other categorical variables. Those
variables that were statistically significant (p<0.25) in
the univariate analysis were entered into multivariate
logistic regression analysis using the backward logistic regression method in order to determine the independent prognostic factors (HT, hyperlipidemia, DM,
family history, smoking) in the critical CAD group.
P <0.05 was considered to be statistically significant.

study was 42.0 years (25th and 75th percentile: 39.0–
44.0 years). Four new APLN gene polymorphisms
that had not been defined previously were identified
through genetic analysis. The first polymorphism was
V103V, which caused valine 103 valine-change (conversion of G base into T base at 103rd amino acid).
This polymorphism led to the base conversion, while
it did not change the protein structure. The V103V
polymorphism has 2 genotypes: GG and GT. A total of 67.4% of the ACS patients with critical CAD
(n=89) had the GG genotype, and 32.6% (n=43) had
the GT genotype, while 46.3% of the cases in the control group (n=19) had the GG genotype, and 53.7%
(n=22) had the sGT genotype. Critical lesions were
found to be 2.397 times more common in the patients
with the GG genotype of the V103V polymorphism,
when compared with those with the GT genotype
(Odds ratio [OR]: 2.397; 95% confidence interval
[CI], 1.174–4.892; p=0.016); however, the GT geno-

RESULTS

The demographic data of the patients are provided in
Table 2. The mean age of the patients was 40.13±4.8
years. There were significant differences between the
groups with respect to gender, smoking, and hyperlipidemia, which are the conventional risk factors for
ACS.
The median age of the patients included in the

Table 2. Distribution of the groups according to CAD risk factors

Critical CAD (+) (n=132)

Control group (n=41)

OR (95% CI)

p

Male, n (%)

119 (90.1)

28 (68.2)

0.235 (0.098–0.563)

0.001

Age, years

42.0 (39.0–44.0)

40.0 (33.75–43.0)

1.072 (1.001–1.148)

0.071

Hypertension, n (%)

21 (15.9)

5 (12.1)

0.468 (0.159–1.372)

0.160

Diabetes mellitus, n (%)

14 (10.6)

2 (4.8)

0.286 (0.061–1.337)

0.140

Hyperlipidemia, n (%)

26 (19.6)

2 (4.8)

0.124 (0.028–0.560)

0.002

Family history, n (%)

45 (34.0)

14 (34.1)

0.508 (0.222–1.162)

0.231

Smoking, n (%)

49 (37.1)

13 (31.7)

2.792 (1.203–6.478)

0.045

Continuous data are presented as median and interquartile range (25th and 75th); categorical data are presented as number and percentage. CAD: Coronary
artery disease; CI: Confidence interval; OR: Odds ratio.

Table 3. Distribution of GG-GT genotypes of V103V, TT-TC genotypes of 6140AG, CC-CA genotypes of 6016CA, CCCT genotypes of Stop-Stop polymorphism in the groups

OR (95% CI)

p

2.397 (1.174–4.892)

0.016

Critical CAD (+)

Control group

(n=132)

(n=41)

GG genotype, n (%) (V103V polymorphism)

89 (67.4)

19 (46.3)

GT genotype, n (%) (V103V polymorphism)

43 (32.6)

22 (53.7)		

TT genotype, n (%) (6140AG polymorphism)

114 (90.1)

37 (90.2)

TC genotype, n (%) (6140AG polymorphism)

18 (13.6)

CC genotype, n (%) (6016CA polymorphism)

119 (90.1)

CA genotype, n (%) (6016CA polymorphism)

13 (9.8)

36 (87.8)

0.522

1.271 (0.424–3.806)

0.665

5 (12.1)		

CC genotype, n (%) (Stop-Stop polymorphism)

130 (98.4)

40 (97.5)

CT genotype, n (%) (Stop-Stop polymorphism)

2 (1.5)

1 (2.4)

CAD: Coronary artery disease; CI: Confidence interval; OR: Odds ratio.

0.684 (0.217–2.151)

4 (9.7)		

1.625 (0.143–18.394)

0.694
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Table 4. Allele/genotype frequencies and test of HardyWeinberg equilibrium

Control group

Critical CAD (+)

0.73

0.84

f(G)
f(T)

0.27

0.16

O

E

O

E

GG

19

21.95

89

92.5

GT

22

16.1

43

36.0

TT

0

2.95

0

3.5

p=0.018

p=0.025

CAD: Coronary artery disease; f: Observed frequency of each allele (G or
T); O: Observed genotype numbers; E: Expected genotype numbers under a Hardy-Weinberg equilibrium assumption; p: Probability of difference.

type was observed to be more protective against the
presence of critical CAD compared to the GG genotype (OR: 0.417; 95% CI, 0.204–0.852). The prevalence of the GG-GT genotypes of the V103V polymorphism in the groups is shown in Table 3.
According to Hardy-Weinberg equilibrium, the
distribution and significance of the genotype and allele frequencies of the V103V polymorphism across
the groups are shown in Table 4. A significant difference was found between the 2 groups in terms of
the G and T allele frequencies of the V103V polymorphism; the T allele was observed to be protective
against critical CAD compared with the G allele (OR:
0.531; 95% CI, 0.295–0.955; p=0.033).
The comparison between the groups with regard to
the other gene polymorphisms of APLN gene, which

were 6140AG, TGA-Stop-TAA Stop, and 6016CA,
did not reveal any significant differences (p=0.522;
p=0.665; p=0.694, respectively).
The results of the univariate and multivariate logistic regression analysis, performed to identify the
independent risk factors for the development of ACS
(age, gender, V103V polymorphism, DM, HT, smoking, hyperlipidemia, and family history), are presented in Table 5. Univariate regression analysis revealed
that there was a significant association between the
presence of ACS and age, gender, V103V (GG/
GT) polymorphism, smoking, and hyperlipidemia
(p=0.047; p=0.001; p=0.016; p=0.017; p=0.007, respectively). However, no significant association was
found between the presence of ACS and DM, HT, or
family history (p=0.112; p=0.166; p=0.109, respectively). Multivariate logistic regression analysis was
performed for the variables that were found to be significant according to p<0.1. Accordingly, gender (OR:
0.194; 95% CI, 0.052–0.725; p=0.015), GG genotype
of the V103V polymorphism (OR: 3.587; 95% CI,
1.301–9.888; p=0.014), and hyperlipidemia (OR:
0.115; 95% CI, 0.021–0.628; p=0.013) were found to
be independent risk factors for ACS.
DISCUSSION

Environmental and genetic factors play a role in the
development of ACS. Studies show that the conventional risk factors are less common, especially among
young ACS patients. It is important to identify new
risk factors, which includes genetic polymorphism,

Table 5. Evaluation of the traditional risk factors for ACS and V103V (GG/GT) polymorphism
through backward multivariate logistic regression analysis

First step
Variable

OR (95% CI)

Age

1.040 (0.960–1.127)

Final step
p

OR (95% CI)

p

0.335		

Male gender

5.421 (1.438–20.438)

0.013

6.750 (1.984–22.965)

0.002

V103V(GG/GT)

3.471 (1.261–9.554)

0.016

3.758 (1.416–9.976)

0.008

Diabetes mellitus

1.936 (0.282–13.297)

0.502		

Hypertension

0.697 (0.177–2.739)

0.605		

Hyperlipidemia

9.267 (1.544–55.605)

0.015

8.753 (1.673–45.798)

Smoking

1.991 (0.716–5.533)

0.017		

Family history

1.032 (0.384–2.770)

0.109

CI: Confidence interval; OR: Odds ratio.

0.010
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in these patients. In our study, the GG/GT polymorphisms of the APLN gene were independently associated with the presence of critical CAD. This finding
may help identify individuals who are at greater risk
of CAD.
Since it was discovered that APLN/APJ was intensively present in the vascular endothelial cells, there
has been an increasing number of studies focusing
on the effect of the APLN gene on cardiovascular
diseases.[10,11] Jin et al. explored the effect of 5 polymorphisms in the APLN/APJ pathway (rs3761581,
rs56204867, rs7119375, rs10501367, rs9943582) in
hypertensive patients on the presence of CAD.[12] In
their study, age was not a criterion for enrollment, all
CAD patients and control cases included in the study
were selected from among those who underwent coronary angiography. Their results revealed that none
of the 5 polymorphisms analyzed either in the CAD
patients or in the control group had a significant difference in terms of genotype/allele frequencies. However, the role of haplotypes with low penetrance in the
male CAD patients was underlined in the haplotype
analysis.
Falcone et al.[13] analyzed 664 CAD patients, including 378 hypertensive cases and 143 healthy controls, in their study and investigated the differences
between the genotype and allele frequencies of the
G212A and A445C APJ polymorphisms. Although
HT was found to be highly significant among the
CAD patients, no difference was observed in the genotype and allele frequencies between the CAD and
the control groups. Like these 2 studies, all reports
exploring the effect of APLN gene polymorphism on
HT focus on the effect of the APLN-APJ pathway on
blood pressure.[14] In another study, which comprised
200 patients, the effect of another genetic variation of
APLN (rs 2235306) on type 2 DM was investigated[15]
and it was found that the APLN polymorphism had a
significant impact on female patients with poor glycemic control (p=0.03).
Zhang et al. investigated the effect of APLN
gene polymorphisms (rs2235306, rs2235307, and
rs3115759) on hypertensive and diabetic Chinese patients.[16] A total of 1757 non-diabetic patients were
added to the study through validation, and as a result
3156 diabetic patients and 3736 non-diabetic cases
were investigated, according to which, none of the 3
gene polymorphisms was found to be associated with
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HT. However, only the rs2235306 polymorphism was
associated with male non-diabetic hypertensive patients (p=0.039).
Pakizeh et al. published a study in 2014, in which
they explored the association between the rs3115758
and rs3115759 gene polymorphisms with CAD.[17]
They included 244 individuals in the study, 134 of
whom were diagnosed with CAD through coronary
angiography and 110 healthy controls with normal
coronary angiograms. Their results concluded that the
TT genotype increased the CAD risk by 6.36 times
in the rs311578 polymorphism, while the T allele increased the risk by 2.86 times. In the same study, the
AA genotype of the rs3115759 polymorphism was observed to increase the CAD risk by 6.36 times while
the A allele increased the risk by 2.86 times.
In our study, we investigated the association between the genotype and allele frequencies of 4 newly
identified polymorphisms of the APLN gene and the
presence of critical CAD. We found that the V103V
polymorphism had a significant association, while
the 6140AG (TT/sTC), 6016CA (CC/CA), Stop-Stop
(CC/CT) polymorphisms did not have any significant
associations. The GG genotype of the V103V polymorphism increased the risk of critical CAD, whereas
the T allele was protective against the development
of critical CAD. In the study of Pakizeh et al., multivariate regression was performed for only 2 variables (DM, HT) apart from the polymorphisms. In
our study, however, the other conventional risk factors known for ACS (age, gender, DM, hypertension,
hyperlipidemia, smoking, family history) were also
taken into consideration.
Possible limitations of the present study include
that it was a single-center experience, and that it
comprised a small number of patients and the control
group cannot be followed up for a long time (until
they are 45 years of age). Additional limitations of the
study are that the control group did not comprise only
healthy individuals, and family screening could not
be performed for family members of the patients who
were subjected to genetic analysis.
Critical CAD is more prevalent among young ACS
patients who have the GG genotype of the V103V
polymorphism of the APLN gene. This finding suggests that the V103V (GG/GT) polymorphism of the
APLN gene may be a predictor for the presence of
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critical CAD in young ACS patients. Moreover, genetic analysis of the relatives of these young ACS patients who are found to have this polymorphism may
help with the early detection of critical CAD before it
develops. Furthermore, there is a need for additional
large-scale studies that explore different gene polymorphisms simultaneously and APLN level.
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