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ABSTRACT 
 

Introduction: Endothelial progenitor colony forming unit-endothelial cells (CFU-EC) were first believed to be the 
progenitors of endothelial cells, named endothelial progenitor cells. Further studies revealed that they are 
monocytes regulating vasculogenesis. The main hindrance of these cells for therapeutic purposes is their low 
frequency and limited replicative potentials. This study was undertaken to determine telomerase activity and 
alternative splicing variants in CFU-EC as a potential cause of limited replicative capacity in these cells. Methods: 
CFU-EC were isolated from peripheral blood using a standard cell culture assay. Colonies were detached 
mechanically and alternative splicing variant mRNA were evaluated using real-time PCR. Telomerase enzyme 
activity was assessed using telomerase repeat amplification protocol. The same procedures were done on the cancer 
cell line Calu6 as the positive control. Results: The cultured peripheral blood mononuclear cells formed colonies 
with spindle-shaped monocytic cells sprouted from the clusters. These morphological characteristics fulfill the 
definition of CFU-EC. Telomere length amplification protocol assay revealed no telomerase activity and real-time 
PCR showed no expression of telomerase enzyme mRNA in CFU-EC. Both parameters were significantly higher in 
the cancer cell line Calu6 taken as the positive control. Conclusion: The absence of telomerase activity in the CFU-
EC is a result of pre-transcriptional regulation of gene expression rather than other mechanisms for controlling 
telomerase activity such as post-transcriptional modifications. This finding can explain the limited proliferative 
activity of CFU-EC cells. We propose that absence of telomerase activity in CFU-EC can be attributable to their 
more mature monocytic nature that needs further investigations. Iran. Biomed. J. 17 (3): 146-151, 2013 
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INTRODUCTION 

 
ngiogenesis, the model which was proposed 
that new vessels are produced by migration 
and proliferation of mature endothelial cells, 

was the dominant paradigm for new blood vessel 
formation in adults for a long time. In recent years, the 
discovery of endothelial progenitor cells (EPC) has 
shifted that paradigm to vasculogenesis, suggesting 
that new blood vessels are formed by EPC 
differentiation to endothelial cells [1]. 
 As the first explanation of EPC, most citations refer 
to an article published by Asahara et al. [2] in 1997. 
They isolated, characterized and examined the in vivo 
function of putative EPC from human peripheral blood. 
 Hill et al. [3] further modified Asahara’s 
methodology and introduced a colony-forming assay in 

the field. The cells isolated by their method are now 
termed as colony-forming unit-endothelial cells (CFU-
EC or CFU).  They also showed that the number of 
CFU-EC in peripheral blood has a significant inverse 
correlation with cardiovascular risk score in human [3]. 
This finding triggered a lot of researches revealing the 
importance of peripheral blood CFU-EC frequency in 
many diseases. 

Researchers have shown that the concentration of 
CFU-EC in culture is decreased in patients with type 1 
diabetes, chronic obstructive pulmonary disease, 
congestive heart failure, acute stroke, rheumatoid 
arthritis, and in overweight and obese people compared 
to healthy non-obese adults [4]. Nevertheless, it has 
been shown currently that CFU-EC have mainly 
monocyte/macrophage characteristics while expressing 
some endothelial-lineage markers. CFU-EC do not 
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differentiate into endothelial cells in vitro and cannot 
assemble into vascular networks [5]. Despite these 
findings, CFU-EC remain under the classification 
umbrella of EPC in the literature [4]. 
 CFU-EC play a role in vascular remodeling and 
maintenance of the adult endothelium by releasing 
growth factors, that contribute to paracrine support and 
repair of the endothelial lining [5-10]. Furthermore, it 
has been shown that these cells can improve blood 
flow recovery and capillary density in animal models 
of hind-limb ischemia [9, 11]. 
 The main hindrance of working with these cells for 
therapeutic purposes is their low frequency in 
peripheral blood and their limited replicative 
potentials. Limited replicative capacity is shown to be 
a characteristic of non-stem normal human cells in 
culture [12]. This happens due to a linear DNA 
replication defect known as "end replication problem", 
in which estimated 50-200 base pairs from the very end 
of chromosomes (telomeres) is lost each time the cell 
divides [13]. This shortening will continue until 
telomeres erode to a critical length [13, 14] enough to 
make the cells stop dividing. 
 A ribonucleoprotein complex enzyme called 
"telomerase" plays a critical role in telomere 
maintenance by adding new telomeric DNA repeats 
[15]. This complex is composed of an RNA subunit, 
human telomerase RNA and a protein component, 
human telomerase reverse transcriptase (hTERT). 
 Among several identified factors that control hTERT 
transcription, transcriptional regulation seems to play 
the major role [16]. hTERT transcripts do undergo 
alternative splicing, which may be another regulatory 
mechanism for telomerase activity [17]. The most 
familiar alternatively spliced variants of hTERT are 2 
deletions (α and β). The first is in the exon 6 (α site) 
leading to 36-bp deletion within the reverse 
transcriptase motif. It has been shown that α alternative 
splicing variant is an inhibitor of telomerase activity in 
immortal cell lines [18]. Premature translation 
termination up-stream of the essential reverse 
transcriptase motifs is the result of the other deletion in 
exons 7 and 8 (β site, 182 bp). The hTERT alternative 
splicing pattern among full-length, α-deletion, β-
deletion, and α + β-deletion variants is shown to affect 
telomerase activity during embryonic development 
[17] and in some normal and neoplastic tissues [19-23]. 
It has been shown that each tissue has a specific 
alternative splicing pattern [24]. This study was 
designed to determine telomerase activity and 
alternative splicing variants in human CFU-EC as a 
potential cause of limited replicative potentials of these 
cells. We also compared results from CFU-EC with 
those of Calu6 cancer cell line as a positive control.  
 

 

MATERIALS AND METHODS 
 

Study population. The study population consisted of 
young (age<30 years old) healthy volunteers without 
cardiovascular risk factors. The exclusion criteria were: 
suffering from diabetes, malignancies, autoimmune 
disease, cardiovascular risk or disease (hypertension, 
chest pain induced by physical activities, vascular 
claudication and family history of premature cardiac 
events or severe abnormal lipid profiles.), current 
episode of infection, smoking and taking any 
prescribed medication for a long time.  
 

Isolating   peripheral   blood   cells.  Under sterile 
condition, 10 ml of heparin anti-coagulated peripheral 
blood was drawn from antecubital vein. Samples were 
diluted 1:1 using PBS, transferred onto the layer of 
lymphosep (1.077 g/ml, Biosera, UK) and centrifuged 
at 300 g for 25 minutes without brake. Mononuclear 
cells (MNC) were isolated and the number of isolated 
cells was determined using a hemocytometer.  
 

CFU-EC culture. Approximately 107 MNC were 
dissolved in 4 ml of EndoCult media (Stem Cell 
Technologies, Vancouver, BC, Canada) supplemented 
with 100 U/ml penicillin and 100 µg/ml streptomycin 
(Gibco/Invitrogen, Carlsbad, CA, USA). Two 
milliliters of this suspension was plated per well in the 
6-well fibronectin-coated plates (BD Biosciences, San 
Jose, CA, USA) and incubated at 37°C for two days in 
5% CO2 with 95% humidity. After two days, the non-
adherent cells were detached with forceful pipetting 
and 106 cells per well replated on 24-well fibronectin-
coated plates (BD Biosciences, San Jose, CA, USA). 
After 5 days, the media was removed and plates were 
washed with PBS to remove non-adherent cells. 
Colonies were detached mechanically from the plates 
for further analysis.  
 

Cancer cell line culture.  The Calu6 cell line was 
purchased from National Cell Bank of Iran (NCBI, 
Pasture Institute of Iran, Tehran). The cells were 
cultured in RPMI-1640 (Biosera, UK) containing 10% 
fetal bovine serum (Gibco, USA) supplemented with 
100 U/ml penicillin and 100 µg/ml streptomycin 
(Gibco/Invitrogen, Carlsbad, CA, USA) until they 
reached 80% confluency, which took 5-7 days. Then, 
the cells were harvested for the following experiments.     
 

RNA extraction and real-time PCR.  Total RNA 
was extracted from the CFU-EC and the Calu6 cells 
with  Trizol  reagent  (Invitrogen,  USA)  based  on  the 
manufacturer’s instructions. Total RNA (5 µg) was 
reverse   transcripted   by   Revert    Aid    First   cDNA  
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Fig. 1. Deletion sites of different variants of hTERT and position of gene specific primers and their sequences. α-deletion site is 
located on exon 6, while β-deletion site is located on exons7 and 8. Using specific primers, the expression of full-length hTERT and 
three alternatively spliced variants (α-, ß- and αß-) were analyzed. Sequence of primers used for real-time PCR evaluation of different 
variants of hTERT expression and β-actin as the house-keeping gene have been shown in the adjacent Table. Exo, exon 

 
 

synthesis kit (Fermentas, Canada). This cDNA (2 µl) 
was used as the template for real-time PCR reactions. 
Primers were designed using Primer-BLAST online 
program with the sequences found in the genebank 
(NCBI). The location of primer adherence site and 
their sequences can be seen in Figure 1. Real-time PCR 
was performed using SYBR green PCR master mix 
(ABI, USA) in 40 cycles with an initial denaturation 
temperature of 95C for 10 minutes continued by 
cycling denaturation in 95C for 20 seconds, annealing 
at 60C for 1 minute and extension at 78C for 20 
second. Finally, there was a melting curve analysis to 
confirm accuracy of PCR. 
  

Telomere length amplification protocol.  The 
telomere length amplification protocol assay was 
carried out using the TeloTAGGG Telomerase PCR 
ELISAPlus kit (Roche, Germany) for quantitative 
determination of telomerase activity regarding the 
manufacturer's instructions. 
 

Statistical analysis.  SPSS software version 19.0 for 
windows (IBM, USA) was used for statistical analysis. 
Mann-Whitney test was used for the analysis and P 
value < 0.05 was considered statistically significant. 
 
 

RESULTS 
 

CFU culture. The cultured peripheral blood MNC in 
the Endocult media on the fibronectin coated culture 
plates, typically formed colonies with spindle-shaped 
monocytic cells, sprouted from the clusters. These 
morphological characteristics fulfill the definition of 
CFU-EC (Fig. 2).  

 
PCR results. Both CFU-EC and Calu6 cells showed 

expected levels of -actin as the internal control. CFU-
EC did not show any alternative splicing variants of 

hTERT gene as well as the full-length mRNA (Fig. 3), 
while the Calu6 cells showed high levels of different 
variants and also the full-length mRNA. The difference 
among all levels of hTERT mRNA variants reached 
statistically significance (P<0.001, Fig. 4). 

 
The results of telomere length amplification 

protocol assay. Telomere length amplification protocol 
assays showed no telomerase activity in CFU-EC (their 
OD were the same as blank wells), but high levels of 
telomerase activity (OD = 2.1) was detected in the 
Calu6 cells. The difference among OD from Calu6 
cells and CFU-EC showed statistically significance 
(P<0.001). 

 

 
DISCUSSION 

 
 Telomerase activity play an important role in cell 

surviving and one of the pitfalls in application of CFU-
EC is short  life  time of  these cells.  Interestingly,  our 
 

 
 

Fig. 2. A colony of colony-forming unit endothelial cells.  
The cultured peripheral blood mononuclear cells, typically 
formed colonies with spindle-shaped cells, sprouted from the 
clusters. 
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Fig. 3. Real-time RT-PCR amplication graph. Low to absent 

levels of human telomerase reverse transcriptase alternative 
splicing variant was noted during real-time PCR cycles, despite 
the high levels of -actin defined as red and green lines. 
 
 

result showed that CFU-EC did not encompass any 
telomerase activity in adjunction with absence of any 
hTERT variant; despite -actin amplification, as well 
as detection of all telomerase variants in calu6 cell line.  

Telomerase activity is regulated by a complex 
process with several steps including: up-regulation and 
down-regulation of gene expression and post-
transcriptional modifications such as alternative 
splicing and protein to protein interactions at the site of 
telomere [16]. Among these steps, post-transcriptional 
modifications play a role in determining the telomerase 
activity in the cells. It is shown that the expression of 
alpha variant of hTERT mRNA roles an inhibitory 
effect on the activity of telomerase [18]. In our study, 
no expression of any variants of hTERT mRNA could 
be noticed, which logically correlated with the absence  

of any telomerase enzyme activity. This issue shows 
that regulation of telomerase activity in CFU-EC is 
done on the level of pre-transcriptional gene expression 
and is not attributable to other mechanisms such as 
alternative splicing. 

High level expression of hTERT mRNA is mostly 
seen in cancerous cells, but this finding can be noticed 
in some stem cells. At the year 2004, Ingram et al. [25] 
reported the isolation of true EPC, which are now 
called “endothelial colony-forming cells”. They 
showed a high level of proliferative activity in 
adjunction with high levels of telomerase activity for 
these cells. In addition, hematopoietic stem cells (HSC) 
show low levels of telomerase activity, but their 
descendent progenies such as monocytes do not exhibit 
such characteristics [26]. The combination of the cell 
surface markers CD34 and CD133 have long been  
used to isolate HSC as they are CD34+CD133+ [27]. 
CFU-EC also do express low levels of CD34 and high 
levels of CD133 [5]. This action may make a 
misinterpretation that CFU-EC are a subtype of HSC 
and should express low levels of telomerase activity. 
However,  this  presumption  can  be  disproved  by the 
following findings. First of all it is worthy to mention 
that highly pure isolated CD34+ cells cannot produce 
CFU-EC in vitro [28]. van Beem et al. [29] showed 
that   CD34   depleted   MNC   can   produce   CFU-EC 
properly in regular culturing conditions. These finding 
shows that CFU-EC are distinct from myeloid 
progenitors. On the other hand, it has been 
demonstrated that depletion of CD14+ cells from MNC 
will totally eradicate the presence of CFU-EC in 
culturing systems the same as CD2+ cells [30]. The 
dominant idea about the formation of CFU-EC 
considers  that the interaction of activated CD4+ T cells  

 

 

           
 

 

Fig. 4. Real-time RT-PCR data. The analysis of RT-PCR data showed no expression of human telomerase reverse transcriptase 
alternative splicing variants in colony forming unit-endothelial cells. The α-actin mRNA, taken as the internal control, was 
significantly amplified.  
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with CD14+ cells is necessary to form these colonies 
[29]. The spindle shaped cells radiating away from the 
core are monocytes expressing many endothelial 
markers and characteristics. 

In this study, we have clearly showed that CFU-EC 
cells lack telomerase alternative splicing variant 
mRNA and activity. This finding, at least in part, can 
propose an explanation for limited replicative 
potentials of CFU-EC. The absence of telomerase 
activity in the CFU-EC is a result of pre-transcriptional 
regulation of gene expression rather than other 
mechanisms for controlling telomerase activity such as 
post-transcriptional modifications. We propose that 
absence of telomerase activity in CFU-EC can be 
attributable to their more mature monocytic nature and 
the presence of CD34 and CD133 markers do not 
necessarily mean that they are progenitor or stem cells.  
Therefore, this suggestion needs further investigations. 
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