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Abstract
Objective: The role of DNA damage in the progression of coronary artery disease (CAD) is widely recognized. Among the factors that determine the 
extent of DNA damage, genetic factors may be one of the determining factors in the pathogenesis of CAD.

Methods: In our research, we investigated the expression levels of BRCA1 and PARP1, which are involved in the DNA repair process, as well as the 
regulators of gene expression for these molecules, namely miR-21-5p, miR-193b-3p, and miR-484, in lymphocyte samples collected from 55 patients 
with CAD and 55 healthy controls.

Results: The fold changes of BRCA1, PARP1, miR-21-5p, miR-193b-3p and miR-484 expression levels in the patient group, as determined by the 
2−ΔΔCT calculation, were found to be 0.353, 0.332, 0.734, 0.876, and 1.231, respectively. In the patient group, a statistically significant negative cor-
relation was observed only between PARP1 and miR-21 (r = −0.66, P = .0001).

Conclusion: The expression levels in molecules related to the DNA repair systems of CAD patients are clearly related to the pathogenesis of the 
disease, and considering this situation, measures to be taken would be beneficial.
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Introduction
Coronary artery disease (CAD) was defined as documentation 

of CAD with stable anginal symptoms and/or dyspnea according 
to the latest European Society of Cardiology Chronic Coronary 
Syndrome guidelines.1 It is known that DNA damages contribute 
to the pathogenesis of this disease. Generally, these damages are 
in the form of single base mutations, chain breaks, base deletions, 
or base modifications.2 The role of DNA repair mechanisms is very 
important in maintaining genomic integrity. Different DNA repair 
mechanisms exist for the repair of different DNA damages in mam-
malian cells.

BRCA1 serves as a key susceptibility gene for breast and ovarian 
cancer.3 It consists of several domains that are essential for uphold-
ing genomic stability, such as DNA repair, DNA damage signaling, 
chromatin remodeling, regulation of cell cycle checkpoints, pro-
tein ubiquitination, transcriptional regulation, and apoptosis. By 
regulating homologous recombination (HR), the BRCA1 protein 
plays a crucial role in the process of DNA double-strand break 
repair.4

PARP1 is an essential ADP-ribosylating enzyme that plays a 
crucial role in initiating multiple cellular processes, including 
DNA repair, regulation of cell cycle progression, preservation 

of telomeres, modulation of chromatin structure, and resolution 
of replicative stress.5 This activity of PARP1 contributes to DNA 
repair, including the repair of double-strand breaks and single-
strand breaks. PARP1 participates in various pathways responsible 
for DNA repair, including nucleotide excision repair (NER), non-
homologous end-joining, HR, and base excision repair.6

MicroRNAs (miRNAs) are non-coding 20-24 nucleotide 
small RNAs and are master regulators of the cellular system. 
MicroRNAs regulate multiple target genes at the post-transcrip-
tional level in eukaryotic gene expression regulation. miR-484 
has garnered recognition as a pivotal controller influencing not 
only cancer but also a range of diseases or pathological condi-
tions.7 miR-484 is most abundantly expressed in the heart tis-
sue. Extensive evidence has substantiated the potential intimate 
association between miR-484 and diseases related to cardiac 
ischemia.7 In the breast cancer study, BRCA1 was also identi-
fied as interacting with miR-484.8 Partaking in numerous physi-
ological and pathological processes, miR-193b-3p, positioned 
at 16p13, assumes a significant role as a regulatory factor. 
Multiple studies have recently provided evidence that miR-
193b, a known tumor suppressor, is commonly downregulated 
in different cancer types.9 In various studies, it has also been 
shown that the miR-193 family plays a role in the pathologi-
cal processes underlying cardiovascular disorders.11 It has been 
reported that miR-193b-3p is among the targets of PAPR1.12 
miR-21-5p is highly expressed in the cardiovascular system. 
Several studies have suggested that miR-21-5p expression in 
the heart is dysregulated under cardiovascular diseases such as 
calcific aortic valve disease, cardiac hypertrophy, and ischemic 
heart disease or heart failure.11 PARP1 has been recognized as a 
direct target of miR-21–5p.13
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In our study, we examined the gene expression levels of BRCA1 
and PARP1, which are involved in the DNA damage repair mecha-
nism, and microRNAs (miR-21-5p, miR-193b-3p and miR-484), 
which play a role in the regulation of gene expression of these 
molecules in blood samples of patients diagnosed with CAD and 
healthy controls.

Methods
Fifty-five randomly selected patients who needed coronary 

angiography due to a history or symptoms of CAD were included 
in the study. The presence of CAD was determined by coronary 
angiography in the catheterization laboratory of the Cardiology 
Department of İstanbul University-Cerrahpaşa, Cerrahpaşa Faculty 
of Medicine using the standard catheterization technique.

The exclusion criteria of our study included being younger than 
18 years of age, a history of prior coronary revascularization, recent 
clinical infection, myocardial infarction within 30 days, unstable 
angina, and concurrent major hepatic, renal, immunological, 
inflammatory, and neoplastic disease. Data including cardiovas-
cular risk factors such as smoking habits, diabetes, family history, 
and hypertension were obtained from all individuals participating 
in the study. None of the individuals in the study had taken antioxi-
dant therapy in the previous month. Fifty-five healthy individuals 
matched with the patients in terms of gender, age, and cardiovas-
cular risk factors were used as the control group. They were evalu-
ated as healthy based on clinical examination and family history 
of CAD. All participants in the study provided written informed 
consent as a prerequisite. The study protocol was approved by the 
İstanbul University Cerrahpaşa, Cerrahpaşa Faculty of Medicine 
(Approval no: 71759/08.10.2018, Date: September 21, 2018). 
Prior to the angiographic procedure, blood samples were taken 
from the patients. The demographic and clinical characteristics of 
the patients and controls have been included as Table 1 in our 
revised article.

Reverse Trans cript ion-Q uanti tativ e Polymerase Chain Reaction
Reverse trans cript ion-q uanti tativ e polymerase chain reaction 

was employed to examine the expression levels of the investi-
gated genes. Total RNA extracted from lymphocyte samples of 
both patients and controls was utilized for this analysis.14 The gene 
expression studies were conducted in triplicate for each sample.

Statistical Analysis
Mean ± standard error (SE) or mean ± standard deviation (SD) 

was used to present continuous parametric data. For the statistical 

analysis of continuous variables, the t-test and Mann–Whitney 
U-test were employed. The chi-squared test (χ2 test) and Fisher’s 
exact test were used to compare categorical data, which were pre-
sented as counts and percentages. To determine the correlation, 
Pearson correlation analysis was utilized, and a statistical signifi-
cance level of P < .05 was considered acceptable.

Results
The 2−∆∆CT values of the PARP1, BRCA1, miR-21-5p, miR-

193b-3p, and miR-484 genes of the patient and control groups 
were calculated. As seen in Table 2, there was no difference in 
gene expression levels between the patient and control groups 
according to the 2−∆∆CT calculation.

According to the 2−ΔΔCT calculation of the results, BRCA1, 
PARP1, miR-21-5p, and miR-193b-3p expression levels in the 
patient group were found to be fold decreased (0.353, 0.332, 
0.734, 0.876, respectively) when compared to the control group. 
On the other hand, miR-484 expression levels in the patient group 
were found to be 1.231 fold when compared to the control group.

In our study, we examined the relationship between BRCA1 gene 
expression levels and miR-484 expression levels, and between 
PARP1 gene expression levels and miR-21-5p and miR-193b-3p 
expression levels in the patient and control groups. A statistically 
significant negative correlation was found only between PARP1 
and miR-21 in the patient group (r = −0.66, P = .0001). In the con-
trol group, a statistically significant negative correlation was found 
only between BRCA1 and miR-484 (r = −0.35, P = .05).

Discussion
Studies in chronic heart diseases have reported that reactive 

oxygen species increases and this leads to DNA damage. It has 
been stated that deficiencies in endogenous DNA damage repair 
in cardiomyocytes may lead to insufficiency in maintaining nor-
mal cardiac functions and thus may lead to the early onset of heart 
failure.15 It has been shown that low expression of some DNA 
repair genes, such as ATM, XPA, and ERCC1, is associated with 
myocardial infarction.16 However, the importance of DNA dam-
age repair failure in the pathogenesis of heart diseases has not 
been fully elucidated. In our study, we investigated the PARP1 and 
BRCA1 genes that play a role in the repair of DNA damage and the 
miRNAs that regulate the expression levels of these genes.

Activation of PARP1, a DNA damage sensor, causes a decrease 
in NAD and ATP levels. In studies with animal models, moder-
ate PARP1 activation increases were associated with DNA repair. 
On the other hand, excessive realization of this energy-consuming 
process can lead to cell dysfunction, cell death, and thus various 
pathologies.17 Numerous investigations have demonstrated the sig-
nificant involvement of the PARP1 enzyme in the development of Table 1. Demographic and Clinical Parameters for Patients and Controls

 Patients Controls

Total 55 55

Age (years) 64 ± 8 62 ± 7

Gender (n)   

Female 30 25

Male 25 30

Diabetic patients (n) 20  

Hypertensive patients (n) 25  

Smokers (n) 13  

Table 2. Gene Expression Levels of Patient and Control Groups

 Patients Controls P

miR-193b-3p 0.088 ± 0.033 0.119 ± 0.035 .52*

miR-21-5p 0.094 ± 0.031 0,164 ± 0.037 .16*

miR-484 0.304 ± 0.041 0.347 ± 0.044 .48*

PARP1 0.018 ± 0.008 0.065 ± 0.027 .41**

BRCA1 0.095 ± 0.032 0.032 ± 0.006 .61**

*Student t-test.
**Mann–Whitney U-test.
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diverse cardiovascular conditions, including hypertension, heart 
failure, cardiomyopathies, myocardial infarction, ischemia-reper-
fusion injury, and myocardial hypertrophy.18 Hans et al19 reported 
that PARP1 protein activity is increased in atherosclerotic plaque 
and that PARP1 gene deletion in mice regresses the formation of 
atherosclerotic plaques. It has been reported in various studies that 
PARP1 overexpression causes cardiac dysfunction and that these 
pathologies can be prevented by PARP1 inhibition.20 Although 
studies have been conducted on high PARP1 enzyme levels in 
cardiovascular diseases, the negative effects of this situation, and 
the effect of PARP1 enzyme inhibitors, no study has been found 
on PARP1 gene expression level in CAD patients. In our study, 
we did not detect a significant change in PARP1 expression level 
in CAD patients. The lack of a complete relationship between 
gene expression level and protein level due to post-transcriptional 
modifications may be the reason why PARP1 gene expression 
level was detected at normal levels in our study. On the other 
hand, it can also show that the PARP1 expression level in CAD 
is within normal limits; thus, the DNA damage level is not exces-
sively increased.

Apart from the association of BRCA1 mutations with various 
types of cancer, BRCA1 is likely to play a role in the pathogen-
esis of many chronic diseases other than cancer due to its role in 
the DNA repair mechanism. Therefore, BRCA1 mutation carriers 
may carry a risk for cardiovascular diseases. It has been shown 
that BRCA1 mutations cause cardiovascular complications rather 
than cancer, especially in the elderly.21 Studies showing the rela-
tionship between BRCA1 gene polymorphisms and myocardial 
infarction also reveal the importance of BRCA1 in terms of cardiac 
functions.22 In a study by Shukla et al,23 they showed that loss of 
BRCA1 function in cardiomyocytes in mice resulted in increased 
double-strand DNA breaks, apoptosis, and ultimately led to car-
diac failure. There are studies showing that BRCA1 and BRCA2 
mutations cause cardiovascular disorders through apoptosis in 
cardiomyocytes via the p53 pathway.24 On the other hand, there 
are also studies showing that there is no relationship between 
being a carrier of BRCA1/2 mutations and cardiomyopathy.25 In 
our research, we observed no notable disparity in BRCA1 gene 
expression levels between the CAD group and the control group. 
There was no study in our patient group that would compare our 
results. Although the relationship between BRCA1 mutations and 
cardiovascular diseases has been emphasized in the literature, no 
results related to gene expression changes have been reported.

The results of the study showing the relationships between vari-
ous pathological conditions related to the heart and miRNA profiles 
led them to be evaluated as potential diagnostic and prognostic 
markers. In our research, we examined the levels of expression of 
three specific miRNAs (miR-484, miR-21-5p, and miR-193b-3p). 
These miRNAs act as regulators of gene expression, influencing 
the levels of molecules involved in the development of CAH and 
heart diseases.

Although it has been shown that BRCA1 interacts with miR-
484, it has been reported that this interaction does not cause 
any change in BRCA1 expression level.8 While no correlation 
was found between these 2 molecules in the patient group in 
our study, an inverse relationship was found at the borderline 
significance level in the control group. One of the organs in 
which miR-484 is most expressed is the heart, and disruptions 
in miR-484 expression have been shown to be associated with 
cardiac ischemia.7 Su et  al26 showed that the expression level 
of miR-484 was significantly altered in heart failure. In a study 
conducted with CAD patients, the miR-484 level was found to 
be higher than in healthy individuals.27 Gongol et al28 showed 

that the level of miR-484 increased in the serum of CAD patients 
and reported that miR-484 may be important in endothelial dys-
function and therefore in the pathogenesis of cardiovascular dis-
eases. In our study, no change was detected in the lymphocyte 
miR-484 level in CAD patients compared with controls. On the 
other hand, Masoodi Khabar et al29 found increased expression 
level of miR-484 in platelets of patients with acute coronary syn-
drome. The study participants encompassed individuals diag-
nosed with acute myocardial infarction (AMI) characterized by 
ST-segment elevation), unstable angina (UA), and non-ST-eleva-
tion AMI. Different cell types and different patient groups may be 
the reason for the difference in the results of the studies. There 
are many studies in the literature that miR-193b-3p is associ-
ated with tumor progression and inflammation.10,30 On the other 
hand, there are many studies examining the status of this miRNA 
in cardiovascular diseases. Wong et  al31 determined that the 
plasma miR-193b-3p level was high in patients with heart failure. 
In a study by Bai et al32 investigating the role of miR-193b-3p 
in patients with atherosclerosis, they found that the serum miR-
193b-3p level of the patients was lower than the control group. 
They also determined that inhibition of miR-193b-3p led to the 
reduction of damage induced by ox-LDL. In a study investigating 
the link between miR-193b-3p and myocardial ischemia-reper-
fusion injury, researchers observed a decrease in the expression 
level of miR-193b-3p in cases involving myocardial ischemia-
reperfusion injury. In this study, it was also determined that an 
increase in miR-193b-3p expression levels reduces apoptosis 
after myocardial ischemia-reperfusion injury.33 In our study, we 
found that the expression level of miR-193b-3p in CAD patients 
was at a normal level. The differences between the results may 
be due to the differences in the patient groups and the material 
studied.

There are studies showing that the expression level of miR-
21-5p increases in the regulation of expression levels of proteins 
associated with compensatory mechanisms such as reduction 
of apoptosis and maintenance of survival in case of damage to 
cardiomyocytes. It was stated that miR-21-5p was high in the 
plasma of patients with heart failure and its level did not vary 
with age and gender.34 In a study conducted in arteria mammaria 
interna samples of patients with CAD, it was determined that 
the expression level of miR-21-5p was correlated with chronic 
obstructive pulmonary disease, one of the risk factors for CAD.35 
In a study by Patterson et al,36 when Patterson et al36 compared 
the CAD group with a low Framingham risk score and the non-
CAD group with a low Framingham risk score in peripheral 
blood samples, no difference was found in miR-21-5p expres-
sion as in our study.

One major limitation of this study is the small sample size, which 
may reduce the statistical strength of our analyses. Therefore, fur-
ther research involving a larger sample is needed to confirm these 
results.

Although no differences were detected in the expression levels 
of DNA repair enzyme genes in CAD patients, we demonstrated 
that the miRNAs we studied regulate the expression of these DNA 
repair enzymes, which are their targets.
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