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Objective: Left ventricular hypertrophy (LVH) accounts for one of 
the most important independent risk factors for cardiac diseases. 
In the present study, we investigate the relationship of DNA repair 
gene polymorphisms and LVH. 

Material and Method: DNA samples isolated from peripheral 
blood were genotyped with real-time polymerase chain reaction 
(RT-PCR) for RRM1 (rs12806698), RRM2 (rs6859180) and ERCC2 
(rs13181) genes. 

Results: Although there were no significant differences for RRM2 
(p=0.365) and ERCC2 (p=0.740) genes. RRM1 (A>C) CC genotype  
was significantly higher in the LVH than control groups (p=0.018). 
RRM1gene wild type A allele carriers were significantly higher in 
the healthy controls than the LVH group (p=0.029). 

Conclusion: RRM1 gene CC genotype could be a risk factor, where-
as the RRM1 gene AC genotype and the A allele might play a pro-
tective role against LVH.

Keywords: LVH, DNA repair genes, polymorphism

Amaç: Sol Ventrikül Hipertrofisi (SVH) kardiak hastalıklar için 
sık görülen bir risk faktörüdür. Bu çalışmada DNA tamir gen 
polimorfi zimleri ve sol ventrikül hipertrofisi arasındaki ilişkiyi 
araştırdık. 

Gereç ve Yöntem: Periferik kandan izole edilen DNA örnekleri 
RRM1 (rs12806698), RRM2 (rs6859180) ve ERCC2 (rs13181) genleri 
için Gerçek Zamanlı Polimeraz Zincir reaksiyon (GZ- PZR) ile geno-
tiplendirildi. 

Bulgular: Kontrol ve hasta grupları arasında RRM2 (p=0,365) ve 
ERCC2 (p=0,740) genleri için önemli fark olmamasına rağmen, 
RRM1 (A>C) CC genotip frekansı SVH hastalarında kontrol grubuna 
göre anlamlı şekilde yüksek olarak bulundu (p=0,018). RRM1 geni 
yabani tip A allel taşıyıcıları sağlıklı kontrolde SVH li hastalara göre 
anlamlı şekilde yüksek olarak tespit edildi (p=0,029).

Sonuç: RRM1 CC genotipi SVH’ne karşı bir risk faktörü olabilirken 
RRM1 AC genotipi ve A alleli koruyucu role sahip olabilir.

Anahtar Kelimeler:    SVH, DNA tamir genleri, polimorfizm
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INTRODUCTION

During mammalian organogenesis heart is the first functionally 
formed organ. Each year approximately one million newborns 
are known to be born with heart defects, and one in every three 
people die because of heart diseases, thus cardiovascular dis-
eases are becoming the leading cause of global mortality (1). 

Left ventricular hypertrophy (LVH) is responsible for a com-
pensatory mechanism to keep normal wall tension and to 

maintain cardiac output. When the left ventricle contracts, 
oxygenated blood is distributed to the body through the 
aortic valve. If hypertension exists making it difficult for 
blood to spread throughout the body, the left ventricle will 
strain to send the blood. This leads to an abnormal increase 
in the left ventricular (LV) mass, which is called LVH (2). LVH 
can occur because of hypertension, aortic valvular stenosis, 
aortic regurgitation, mitral regurgitation, and hypertrophic 
cardiomyopathy (3). Patients with LVH may experience car-
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diac failure, coronary artery disease, peripheral arterial disease 
and sudden death. Stroke risk is increased six-fold in LVH cases 
(4).

Ribonucleotide reductase (RR) is an enzyme catalyzing the con-
version of Adenosine diphosphate (ADP) into Deoxyadenosine 
diphosphate (dADP) by removing the hydroxyl group from the 
second position of the ribose ring. Then, dADP is converted to 
Deoxyadenosine triphosphate (dATP) with the help of creatine 
kinase (5). The RR enzyme is required for the synthesis of de-
oxyribonucleotides, it is the rate-limiting step in DNA synthesis 
and it has two protein subunits important for its activity (6). Ri-
bonucleotide reductase protein M1 (RRM1), is a catalytic activa-
tor, and ribonucleotide reductase protein M2 (RRM2), is a free 
radical-containing subunit (7, 8). Cardiac muscles prefer dATP 
as a more effective substrate than ATP for contraction, and with 
an increase in dATP levels, force generation, cross bridge cy-
cling, and calcium sensitivity in the myocardium are known to 
be increased (9, 10). Excision Repair Cross-Complementing 2 
(ERCC2) gene is a nucleotide excision repair mechanism (11).

There are only few studies examining the association between 
DNA repair genes and cardiovascular diseases. In this study, we 
aimed to investigate some DNA repair gene polymorphisms 
(RRM1, RRM2, ERCC2) and discuss their possible roles in the 
molecular mechanism of LVH.

MATERIAL AND METHOD

Study participants
All participants were selected from Marmara University Car-
diovascular Surgery Department after detailed clinical exam-
inations. All individuals signed an informed consent which was 
conducted in accordance with the ethical principles stated in 
the “Declaration of Helsinki”. The study consisted of 15 patients 
with LVH and 24 healthy individuals. Echocardiographic param-
eters were measured using standard methods. Left ventricular 
systolic functions were estimated by measuring the Ejection 
Fraction (LVEF, %).

Genotyping
Blood samples from all participants were collected in ED-
TA-tubes and DNA isolations were performed using Invitrogen 
iPrep Purification Instrument and Invitrogen iPrep Pure Linkg 
DNA Blood Kits (Invitrogen, Life Technologies, Carlsbad, CA, 
USA). DNA concentrations and optical density ratios were mea-
sured using NanoDrop 2000 (Thermoscientific, Waltham, MA, 
USA). Genotyping was performed using Applied Biosystems 
Fast Real-Time polymerase chain reaction (RT-PCR) instrument 
and TaqMan reagents primer-probe sets designed for RRM1 
gene (rs12806698), RRM2 gene (rs6859180) and ERCC2 gene 
(rs13181) polymorphisms (Applied Biosystems, Foster City, CA, 
USA). 

LDL-HDL subfraction analysis: Serum samples were analyzed for 
LDL and HDL subfractions with the LIPOPRINT SYSTEM (Quan-
timetrix, CA, USA). This system is performed using high-reso-
lution, polyacrylamide gel electrophoresis to separate lipo-

protein particles into various fractions on the basis of size and 
density. LDL was analyzed with 7 subfractions including Large 
LDL (1 to 2) and Small LDL (3 to 7), while HDL was separated 
into 10 subfractions with Large HDL (1 to 3), Intermediate HDL 
(4 to 7) and Small HDL (8 to 10).

Statistical Analysis
Statistical analyses were performed using the Statistical Pack-
age for Social Sciences version 23 software (IBM Corp.; Armonk, 
NY, USA). Significant differences between groups were deter-
mined using the Student’s t-test and demographic information 
was compared using Chi-square and Fisher’s exact tests. Risk 
estimations were examined with Odds Ratio (OR) at 95% Con-
fidence Interval (CI). p<0.05 was denoted as statistically signif-
icant.

RESULTS

The demographic characteristics of the study population are 
given in Table 1. This study was conducted 39 samples; 4 fe-
male, 11 male in LVH group and 10 female 14 male in healthy 
control group. There were no statistically significant differ-
ence between healthy group and LVH group as demograph-
ic characterization (p=0.359). The mean ages of the patients 
with LVH and the healthy control groups were 66.87±10.63.
and 62.46±5.97 (p=0.105). Systolic Blood Pressures (BP) were 
significantly higher in patients with LVH than the healthy con-
trol group (p=0.017). However there were no significantly dif-
ference between the groups, LDL-HDL Subfractions values  are 
given as demographic information and were not associated 
with polymorphism.

Echocardiographic parameters of LVH patients and healthy 
control group are given in Table 2. Genotype and allele fre-
quencies between LVH patients and the healthy controls are 
listed in Table 3. Although there were significant differenc-
es for neither RRM2 (A>G) gene (p=0.365) nor ERCC2 (G>T) 
(p=0.740) genes, RRM1 (A>C) gene was significantly different 
in the LVH and control groups (p=0.018). RRM1 heterozygote 
AC genotype was significantly higher in the healthy control 
group (p=0.008), but homozygote mutant CC genotype was 
higher in the LVH group (p=0.029). Regarding RRM1 (A>C) 
polymorphism, in the patient group the percentage of wild-
type A allele was 30% while mutant C allele was 70%. RRM1 A 
allele carriers were significantly higher in the healthy control 
group (p=0.029), moreover RRM1 A allele carriers had a ~4.5-
fold decreased risk for LVH (OR=0.22, 95%CI=0.056-8.889). Our 
results indicated that RRM1gene CC genotype carrying might 
increase the risk of LVH, whereas the RRM1 gene AC genotype 
may decrease the risk, and the A allele might have a protective 
role against LVH. 

Although there was no statistically significant difference be-
tween the echocardiographic parameters and the RRM1 allele 
group, the echocardiographic parameters in the RRM1 A allele 
carrier group were lower than the non-A allele carrier group 
and the RRM1 C allele carrier group was higher than the non-C 
allele carier group (Table 4).
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DISCUSSION

Despite advances in ventricular dysfunction epidemiology, the 
mechanism of genotypic and phenotypic variations remains un-
clear. In this study, the relationship of RRM1 (rs12806698), RRM2 
(rs6859180) and ERCC2 (rs13181) polymorphisms on LVH were 

investigated. The AC genotype of RRM1 gene was higher in the 

control group, indicating that the AC genotype decreases the risk 

of LVH; The CC genotype was in a high proportion in LVH patients, 

so carrying the A allele could lower the risk for LVH as its frequency 

was higher in the healthy control group than in the LVH patients.
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Table 1. Demographic characteristics and clinical values for the patients with LVH and healthy control groups

LVH 
(n=15)

Healthy Control 
(n=24) p

95% confidence interval (CI)

Lower Upper

Sex (n) (Female/Male) 4/11 10/14 0.359 0.551 0.794

Age (year) 66.87±10.63 62.46±5.97 0.105 -12.071 0.004

Height (cm) 165.67±8.46 168.73±7.50 0.199 -7.775 1.658

Weight (kg) 83.93±14.95 81.23±12.80 0.508 -5.435 10.851

BMI (kg/m²) 30.83±6.49 28.67±5.23 0.208 -1.23880 5.55830

BSA(m²) 1.91±0.17 1.91±0.155 0.997 -0.09612 0.09646

Systolic BP  (mmHg) 137.33±19.35 124.75±15.80 0.017* 2.370 22.796

Diastolic BP(mmHg) 83.67±6.11 81.63±10.883 0.497 -3.940 8.024

Total Cholesterol (mg/dL) 186.13±45.41 186.90±42.14 0.953 -26.902 25.368

TC (mg/dL) 157.33±48.79 157.93±103.0 0.983 -56.467 55.284

LDL (mg/dL) 118.27±40.32 114.78±42.15 0.783 -21.819 28.802

HDL (mg/dL) 38.13±6.08 42.20 ± 12.23 0.225 -10.717 2.584

Large LDL (mg/dL) 53.93±19.98 53.66±15.00 0.957 -9.837 10.388

Small LDL (mg/dL) 8.20±8.66 4.11±6.11 0.058 -0.136 8.326

Large HDL (mg/dL) 10.21±4.44 12.44±4.371 0.117 -5.033 0.580

Intermediate HDL (mg/dL) 22.93±6.28 21.68 ± 3.78 0.399 -1.708 4.212

Small HDL (mg/dL) 6.43±3.13 8.15± .767 0.139 -4.019 0.582

VLDL (mg/dL) 30.93±9.65 30.95±20.086 0.998 -10.904 10.871

Demografic and clinical laboratory data were expressed as mean ± standard deviations (SD). LVH: left ventricular hypertrophy; n: number of individuals; BMI: body mass 
index; BSA: body surface area; BP: blood pressure; TC: triglyceride; LDL: low density lipoprotein; HDL: high density lipoprotein; VLDL: very low density lipoprotein
*statistically significant difference (p<0.05).

Table 2. Echocardiographic parameters of patients with LVH and control groups

 LVH 
(n=15) 

Healthy Control 
(n=24) p

Interventricular Septum Wall Thickness (mm) 1.56±0.27 0.95±0.11 0.000*

LVH end diastolic diameter (mm) 5.58±0.47 4.09±0.23 0.000*

LVH Mass (g) 583.48±132.13 218.85±33.00 0.000*

LVH Mass Index (g/m²) 310.98±71.67 118.51±23.41 0.000*

Data were expressed as mean ± SD. LVH: left ventricular hypertrophy; n: number of individuals
*statistically significant difference (p<0.05)



The clinical and laboratory studies showed that dATP acts as a 
substrate for de-membranated cardiac muscle contraction and 
is a more effective substrate than ATP. It increases left ventric-
ular contractions both in normal and infarcted heart regions. 

dATP can be synthesized through a reductive reaction cata-
lyzed by the RRM1 enzyme. Furthermore it has been asserted 
that RR inhibition could be a therapeutic target of atheroprolif-
erative disorders (12). 
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Table 3. Genotype and allele frequencies between patients with LVH and the healthy controls

Polymorphism
LVH

n (%)
Healthy Control

n (%) p Odds ratio (OR)

95% confidence interval (CI)

Lower Upper

RRM1 (rs13181) n=15 n=24 0.018*

AA 3 (20.0) 2 (8.3) 0.354 2.750 0.402 18.804

AC 3 (20.0) 16 (66.7) 0.008* 0.125 0.027 0.573

CC 9 (60.0) 6 (25) 0.029* 4.500 1.125 17.993

Allelic count Allelic count

A 9 (30) 20 (41.6) 0.029* 0.222 0.056 0.889

C 21 (70) 28 (58.4) 0.354 0.364 0.053 2.487

RRM2 (rs13181) n=15 n=16 0.365

AA 12 (80.0) 11 (68.8) 0.685 1.818 0.350 9.455

AG 3 (20.0) 3 (18.7) 0.930 1.083 0.182 6.439

GG 0 (0) 2 (12.5) 0.484 0.875 0.727 1.053

Allelic count Allelic count

A 18 (85.7) 25 (78.1) 0.484 0.194 0.054 0.691

G 3 (14.3) 7 (21.9) 0.685 0.848 0.188 3.823

ERCC2 (rs13181) n=15 n=24 0.740

GG 4 (26.7) 5 (20.8) 0.711 1.382 0.305 6.255

GT 5 (33.3) 11 (45.8) 0.440 0.591 0.155 2.258

TT 6 (40) 8 (33.3) 0.673 1.333 0.350 5.076

Allelic count Allelic count

G 13 (43.3) 21 (43.75) 0.673 0.750 0.197 2.855

T 17 (56.7) 27 (56.25) 0.711 0.724 0.160 3.276

LVH: left ventricular hypertrophy; n: number of individuals
*statistically significant difference (p<0.05)

Table 4. The relationship between the echocardiographic parameters of patients with LVH according to RRM1 allele carriers

RRM1 A allele 
carriers n=6

RRM1 non-A 
allele carrier n=9

RRM1 C allele 
carriers n=12

RRM1 non-C 
allele carrier  n=3

Interventricular Septum Wall Thickness (mm) 1.53±0.35 1.64±0.12 1.65±0.13 1.36±0.45

LVH end diastolic diameter (mm) 5.23±0.41 5.46±0.25 5.43±0.25 5.13±0.56

LVH Mass (g) 577.51±87.35 629.81±85.84 629.15±75.94 526.13±94.43

LVH Mass Index (g/m²) 262.64±122.67 335.43±55.49 333.52±48.99 285.01±52.12

Data were expressed as mean ± SD. LVH: left ventricular hypertrophy; n: number of individuals



Unrepaired DNA base damage triggers apoptotic pathways 
(13) and apoptosis accelerates myocyte loss and causes myo-
cardial dysfunctions (14). Apoptosis-induced myocyte dam-
age causes abnormal loading and increased wall stress which 
results in heart failure. In spite of compensatory mechanisms, 
insufficient DNA repair could lead to myocyte apoptosis that 
begins at the onset of hypertrophy (14).

The RRM1 gene, is a molecular target of gemcitabine, and 
has very important roles. Increased RRM1 expression levels 
were correlated with longer survival rates, while it is a disad-
vantage to have high levels of RRM1 expression because of a 
decreased efficacy of chemotherapy. Two single nucleotide 
polymorphisms were discovered upstream of the first exon 
of the RRM1 gene. They are an adenine/cytosine change at 
(-) 37 nucleotide position and a cytosine/thymidine change 
at (-) 524 nucleotide position. These polymorphisms affect 
promoter activity highly associated with overall survival 
(15). 

Ribonucleotide reductase activity has a role not only in cell 
cycle but also in the proper functioning of myocytes. RR over-
expression increases dATP, affecting the contractility of cardio-
myocytes. Elevated cardiomyocyte dATP levels via RR protein 
increases muscle contractility, subsequently basal cardiac func-
tion increases by actin–myosin binding and cycling. Thus, even 
in cardiac overload, myocytes could maintain normal myocar-
dial energetics (9). Furthermore, it has been claimed that cardi-
ac-specific RR gene therapy may reverse cardiac dysfunction. 
In the animal model, heart failure treated with the RR gene was 
inducing myosin activation (10).

According to analysis of sex differences, genders may ac-
count for the risk of cardiovascular diseases. In terms of car-
diac adaptation, the left ventricular dimensions are smaller 
and left ventricular performance is higher in women com-
pared to men. Sex differences can play a role in LVH howev-
er, in this study, there was no statistical significance related 
to gender and LVH (16).

One of the most important factors in the pathogenesis of LVH 
is systolic BP. It has been shown that there is a direct relation-
ship between the incidence of LVH and the level of the systol-
ic BP. Our study supports this finding due to the fact that the 
difference in the systolic BP between the groups is statistically 
significant and the mean is higher in patients with LVH than 
the healthy control group (17).

CONCLUSION 

DNA repair mechanisms have important roles in the molecular 
mechanisms of LVH. Our results showed that there was a rela-
tionship between RRM1 gene polymorphism and LVH risk. To 
clarify and confirm this association, further studies on larger 
populations are required. If future studies continue to support 
the current findings, RRM1 gene could be considered as a ther-
apeutic decision target.
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