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Analysis of telomere length in the coronary artery to determine the 

pathogenesis of coronary artery disease 

 

 

 

 

 

 

 

 

 

INTRODUCTION 

There are many unanswered questions about what causes 

the adverse effects associated with aging, and even what 

aging actually is, including the potential for continuing 

creativity and contributions to society. Answers to these 

questions will give us powerful insights into the 

mechanisms of aging and the causes and treatment of 

age-related diseases. A continuing debate has been 

whether a pattern of aging free of disease can be 

dissected away from the overlapping development of 

age-related diseases such as cancer, cardiovascular 

disease, osteoporosis, osteoarthritis, diabetes, and a large 

variety of neurodegenerative diseases, including 

Alzheimer’s disease. It is clear that some age-related 

changes are risk factors for disease and that these 

changes can be both intrinsic and extrinsic, and either 

random or programmed (genetic). Intrinsic stochastic 

factors in aging includes oxidative damage to proteins, 

DNA, and lipids; glycation; changes in protein 

conformation; and induction of mutations. Genetic 

factors in aging includes genes implicated in regulating 

longevity and aging includes genes for proteins with 

antioxidant activities, e.g., superoxide dismutase, 

catalase and thioredoxin; and signal transduction 

proteins, e.g., insulin receptor, phosphatidyl inositol-3-

kinase, ras and GTP-binding protein (the methuselah 

gene product) and telomerase deficiency/ telomere 

length. 

In spite of maintenance of systolic function during rest, 

there may be changes takes place in the diastolic phase 

of the cardiac cycle that occurs along with ageing. 

During ageing diastolic dysfunction is widely recognized 

and their association with cellular senescence is clearly 

not understood. Cardiovascular risk factors such as 

atherosclerosis, heart failure and hypertension, are 

highly associated with leukocyte telomere shortening, 

but it remains undetermined. Telomere length alone 

cannot satisfy the criteria as biomarker for ageing, but 

this adds the predictive to that of chronological age and 

can be considered as marker for cardiovascular ageing 

[1]. The telomeres become critically short, the cell is no 

longer able to replicate and enters cellular senescence 

[2,3,4]. Cardiac tissue from animal models shows 

substantial loss of telomere length with age and 
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telomerase knockout in mice lead to heart failure, 

suggesting a possible role for telomere shortening in the 

development of heart ageing. The association of 

leukocyte telomere length (LTL) with the other tissues 

was also consistently high [5]. The average LTL is 

inversely correlated with age and is associated with age-

related disorders, including CVD [6].  

Ischemic heart disease or coronary artery disease (CAD) 

is a representative atherosclerosis associated disorder. 

Cellular senescence and endothelial dysfunction were 

suggested to be important in its pathological mechanism 

[7,8,9]. Even though the telomere shortening in 

leukocytes of CAD patients has been reported, the 

telomere length of coronary artery endothelial cells of 

such CAD patients has not been directly measured. 

Because of the small size of coronary arteries, it is very 

difficult to extract optimum quantity of DNA from 

coronary endothelial cells for telomere length 

measurement using southern hybridization analysis. In 

the current study, we analysed the telomere shortening in 

coronary artery endothelial cells of patients with CAD 

using a PCR method, by which the relative telomere 

length could be evaluated in a small amount of DNA.   

 

MATERIALS AND METHODS 

Study Population 

An observational study of 30 CAD patients as confirmed 

by angiography were enrolled in this study. CAD with 1-

3 vessel disease were included. Cardiovascular risk 

factors and other factors were evaluated. Clinical 

characteristics of all patients with CAD, including age, 

gender, types of CAD, and presence of risk factors 

(cigarette smoking, hypertension as defined by the Joint 

National Committee V, diabetes mellitus as defined by 

the WHO Study Group and hypercholesterolemia [8]. 

Study subjects were categorized according to age into 2 

groups, of 32 to 55 years (group 1, n = 18) and of 56 to 

68 years (group 2, n = 12). 

 

Tissue samples and isolation of endothelial cells 

In this study, resected coronary arteries after Coronary 

Artery Bypass Grafting (CABG) were obtained in sterile 

containers with DMEM medium. The study carried out 

by collecting the patient’s samples, those will be 

disposed after the surgery. All these samples were 

processed within 3 hours after collection. The collected 

artery measurement ranged from 15 to 35 mm in length. 

In the patients with CAD, coronary segments containing 

the culprit lesion responsible for acute or old myocardial 

infarction were excluded. Isolation of the coronary 

endothelial cells was performed according to techniques 

previously reported [9,10,11]. Briefly, each of the frozen 

coronary artery samples was cut longitudinally, and its 

luminal surface with endothelial cells was scraped 

carefully with a scalpel. The isolated endothelial cells 

were processed directly for flow cytometry.  

 

Analysis of endothelial cells-population using flow 

cytometry 

Cells were resuspended in the buffer solution. Cell 

suspensions were analyzed by FACScanto II system 

(Becton Dickinson, US) as previously reported [11-14]. 

CD146, is a well-described adhesion marker of 

endothelial cells, has also been identified on a limited 

number of other cell types and in tissues on both cellular 

components of vessel wall. Briefly, cells staining with 10 

µl of FITC-conjugated anti-human CD146mAb (BD 

Biosciences, US) and kept for incubation at 4°C for 30 

minutes in dark. Cells were washed twice with FACS 

buffer. The percentage of positivity against CD146 

antibody was determined by side scatter fluorescence dot 

plot analysis after appropriate gating. Data processed 

using the FACS Diva software (BD Biosciences, San 

Jose, CA). For each analysis, a corresponding negative 

control with IgG–FITC antibody was used. The number 

of endothelial cells as a percentage of the total live cells 

was calculated for each sample and was further 

normalized by subtracting the percentage of the relevant 

isotype control. 

 

Measurement of telomere length and activity 

Real time quantitative polymerase chain reaction (RT-q-

PCR) used to determine relative telomere lengths from 

samples of patients and cell line DNA. Telomere length 

was determined according to the method described by 

Cawthon [15]. DNA extraction from coronary artery 

intimal material was analysed using DNeasy tissue kit 

(Qiagen, Germany) according to the manufacturer’s 

recommendations. SYBR Green RT-qPCR Core Reagent 

Kit (Bio-Rad Laboratories, India) was used in this assay. 

Two plates of unknowns were run; one for the telomere 

reaction and one for the 36B4 reaction. All DNA 

samples, including the Jurkat cell line DNA control 

tubes, were run in triplicates. One tube of no template 

control (NTC), consisting of only PCR master mix and 

distilled water, was also run on each plate to assess the 

presence of primer dimer. A standard curve using Jurkat 

DNA was run on each plate as duplicates of five serially 

diluted wells ranging in 20 final well concentrations 

from 12.6 to 100ng, as described by Cawthon.  

The ratio of the telomere (T) and single-copy 36B4 gene 

(S) matrices reflect the length of telomeres.  
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Simultaneously stock mix 1,25 x (1x mixture: PCR 

buffer 1x (Fermentas 10X PCR Hotstartbuf + KCl), 

MgCl2 2 mM, dNTP 0.2 mM, 0.5 μM of each primer, 

0.05 units / μl of Taq polymerase Maxima (Fermentas), 

SYBR Green I 0.2x) have been prepared. Thermal 

profiling modifications for the 36B4 primer occurred at 

Step 2, Stage 2: 58.0o C for 1 min 30s. Thermocycler is 

set to read SYBR green fluorescence during Stage 2, at 

which SYBR Green is bound to double stranded DNA 

(dsDNA) 

The primer sequences were: 

Tel1-

GGTTTTTGAGGGTGAGGGTGAGGGTGAGGGTGAGGGT;  

Tel2-

TCCCGACTATCCCTATCCCTATCCCTATCCCTATCCCTA;  

36B4u-CAAGTGGGAAGGTGTAATCC; 

36B4d- CCCATTCTATCATCAACGGGTACAA. 

Samples were amplified in a thermocycler CFX96 

(BIORAD). We calculated the difference between cycle 

thresholds of amplification of the telomere and single 

copy of the gene (∆Ct), and based on these results 

appreciated relative telomere lengths. The genomic DNA 

of the endothelial cell line and control cell sample was 

used as a reference point. 

 

Calculating T/S and Relative T/S Ratio 

The relative T/S ratio is used to report relative telomere 

lengths among samples and is proportional to the 

average telomere length. Basically, by using a single 

gene of known sequence number, sample amplification 

can be normalized against single gene amplification. 

This normalization of unknown sample telomere repeat 

content vs. known single gene repeat content establishes 

a scale for comparison, a ratio of value. The telomere 

length is reported in relation to the 36B4. 36B4, encodes 

the acidic ribosomal phosphoprotein P0; also termed as 

b-globin, located on chromosome 12. We chose the 

36B4 gene, it has been validated for gene dosage studies. 

The relative ratio of 36B4 gene copies to β-globin gene 

copies in the experimental DNAs versus the reference 

DNA. Cawthon [15] gives the following formula to 

determine a T/S ratio, which must be established for the 

experimental samples, reference DNA, and for the 35ng 

Jurkat control:  

[2Ct (telomeres)/2Ct(36B4)]-1 = 2-ΔCt 

Cawthon gives the following formula to calculate the 

relative T/S ratio for the experimental samples: 

2-(ΔCt1-ΔCt2) = 2-ΔΔ Ct  

However, these same values can be obtained by means 

of less complicated equations. For this study, the T/S 

ratio was established using this formula:  

ΔCt = Ct (telomere) – Ct (36B4)  

The relative T/S ratio was then calculated using this 

formula:  

ΔΔCt = ΔCt (unknown) – ΔCt (control)  

Once T/S ratio values are established for unknowns, 

controls, and standards, they can be entered into 

Microsoft Excel, with the necessary formulas, to 

calculate the relative T/S ratio. The greater the relative 

T/S ratio is, the longer the telomere.  

 

Statistical analysis 

All values were expressed as means ± SD. The 

intergroup comparisons were performed using Student’s 

t-test or ANOVA when appropriate. The association 

endothelial cell telomere length with CAD and other 

parameters were evaluated using Spearman’s and 

Pearson coefficients, linear and multivariate regression 

analysis. Differences were considered statistically 

significant at p < 0.05. Statistical analysis was performed 

with a commercially available statistics package (IBM 

SPSS Statistics 20.0; Chicago, IL, USA). 

 

RESULTS 

Population study 

Overall the mean age of the cases were 42.5±7.3 years 

(range, 32-68). Of the study group, 10 subjects was 

overweight (mean BMI 26.5±5.8 kg/m2) and 20 were 

smokers. Study subjects were categorized according to 

age into 2 groups, of 32 to 55 years (group 1, n = 18) and 

of 56 to 68 years (group 2, n = 12). The mean age was 

39±7.9 year and 62±6.4 year, respectively (p<0.001). 

There were no significant differences in the sex, BMI 

and the levels of BP between the groups. Septal wall 

thickness (SWT) and posterior wall thickness (PWT) 

were larger in older individuals (p<0.01), but there was 

no difference between groups in LV mass index (LVMI). 

Older (60-68 yrs) subjects had lower values of LV 

diameter at the end of diastole (LVDD), LV end-

diastolic volume (LVDV) and end-systolic volume 

(LVSV). 

 

Endothelial cell isolation and flow cytometry 

Endothelial cells were removed from the coronary artery 

by scraping, and its scraped luminal surface material 

contained linear endothelial cells. All coronary artery 
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specimens after separation of the luminal surface by 

scraping shows no endothelial cell lining at the luminal 

surface site (Figure 1). After flow cytometry with anti-

human CD146mAb, endothelial cell count was observed 

ranged from 0.55 x 106 to 0.96 x 106.  

 

Figure 1. Images of unprocessed and processed coronary arteries 

which were collected from the disposals after CABG in the patients 
with coronary artery disease.   

 

PCR data analysis 

DNA isolation was followed by the employment of 1.5% 

agarose gel electrophoresis to confirm intact human 

genomic DNA before use in qPCR, as shown in Figure 2. 

Genomic DNA is present when DNA samples do not 

migrate to bottom of agarose gel, as the gel has pores in 

it and DNA is a large molecule that will not move 

through the pores. Both samples migration, after both 

DNA isolations, was significantly higher than the 5,000 

base pair band, indicating samples consisted of intact, 

whole genomic DNA. 

 

Figure 2.  Agarose gel electrophoresis images of PCR DNA product 

derived from standard cell line and endothelial cells derived from 

coronary artery disease patients. A & B images are from two different 

samples and standards. 

Results showed that telomere length in endothelial cells 

from Cell line was longer compared to telomere length 

in endothelial cells from patients (p < 0.01; Students t – 

test). Relative T/S ratio which corresponds to the 

telomere length was less compared with cell line (Figure 

3). Analysis by two-way ANOVA of telomere length 

from previously isolated DNA from endothelial cells of 

cell line and patients along with DNA isolated from sub-

cultured cells showed significant differences (p < 0.01) 

between age, extent of sub-culturing, and interaction 

effects. 

 

Figure 3. Relative T/S ratio, which must be established for the 

experimental samples (coronary artery disease patients), reference 

DNA. The greater the relative T/S ratio is, the longer the telomere. 

 

DISCUSSION 

The results of this study demonstrate that Cawthon’s 

primers and RT-PCR protocol can be applied to samples 

of patient’s and cell line to successfully assess telomere 

length in recently isolated or cells sequentially “aged” in 

the laboratory. In congruence with Cawthon’s results, 

there was no occurrence of primer dimer-derived 

products, as evidenced by the absence of detectable 

fluorescence in the reaction tubes containing only master 

mix [15]. As expected, cell line endothelial cells 

demonstrated longer telomeres than patient’s endothelial 

cells.  

Despite increasing evidence of cellular senescence in 

patients with CAD no comprehensive study examining 

telomere length of coronary endothelial cells has been 

reported [16]. Only a few studies have dealt with the 

measurement of telomere length in the iliac artery or 

abdominal aorta [10,17,18]. These previous studies 

revealed that the telomere length of endothelial cells was 

shortened with aging. The present results that the 

telomere length of coronary endothelial cells were 

reduced as a patient’s age are compatible with these 

previous findings. However, several studies have 

suggested that aging induces endothelial dysfunction, 

which is recognized to be a factor in cardiovascular 
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diseases [18-22]. Because telomere shortening and 

endothelial dysfunction are age related phenomena, 

telomere shortening in coronary endothelial cells may be 

related directly to coronary endothelial dysfunction. 

Recently, our study examined coronary arteries obtained 

from patients with CAD who underwent CABG found 

that the circulatory coronary endothelial progenitor cells 

were senescent and functionally deteriorated [4].The 

present findings of the direct measurement of telomere 

contents in coronary endothelial cells complement 

previous findings and support the concept that telomere 

shortening in coronary endothelial cells with aging may 

contribute to coronary endothelial dysfunction and the 

development of CAD in humans. The present analysis 

showed that telomeres of coronary endothelial cells were 

shorter in patients with CAD than in the cell line, 

suggesting that other factors in telomere shortening other 

than aging had been acting on patients with CAD. Two 

mechanisms of telomere reduction have been proposed: 

(1) human telomeres undergo progressive shortening 

with cell division through replication dependent 

sequence loss at DNA termini [21-25] and (2) persistent 

mild oxidative stress leads to telomere shortening. Free 

radicals generated by hypertension [25,26], diabetes 

mellitus, and cigarette smoking can injure endothelial 

cells [27-32]. 

In conclusion, we demonstrated that the telomeres of 

endothelial cells implicated in coronary artery 

atherosclerosis were markedly shortened. This finding 

suggests that telomere shortening and cellular 

senescence in coronary artery endothelial cells are focal 

phenomena and may play pathogenisis of CAD. 
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