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RELAZIONE:  
 
 

The heart was considered a postmitotic organ for almost 40 years, although several authors tried to 

challenge this dogma 1. Now, sophisticated genetic fate–mapping studies, radiocarbon dating of myocyte 

DNA, and the demonstration of the incorporation of halogenated base analogs in human cardiomyocyte 

DNA have confirmed compellingly that adult cardiomyocytes can turn over 2, although authors are still 

debating the magnitude of this phenomenon 3,4. Even more controversial is the origin of dividing myocytes 

5,6.  

Although the majority of investigators agree on the very limited ability of terminally differentiated 

myocytes to proliferate, and genetic fate–mapping studies indicate that myocyte renewal must be 

attributed to primitive cells, different scenarios have been considered: either a class of nonterminally 

differentiated myocytes could persist in human hearts or newly formed myocytes could arise from 

stem/progenitor cells 7.  

Stem cells are defined as clonogenic cells capable of self-renewal and multilineage differentation. Stem 

cells give rise to oligolineage progenitors that lose self-renewal properties, forming progeny with limited 

differentiating potential. The ultimate fate of progeny is the generation of a functionally competent mature 
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cell 8. 

The adult heart harbours a pool of resident endogenous cardiac stem and progenitor cells (eCSCs)
9

. These 

small primitive cells, positive for stem cell surface receptor markers (i.e. c-kit, Sca-1) and negative for 

markers of the hematopoietic and endothelial lineage (i.e. CD45, CD34 and CD31) and mast cells (i.e. 

tryptase), exhibit properties of stem cells; being clonogenic, self- renewing and multipotent, both in vitro 

and in vivo
10,11

.  

The progeny of a single eCSC is able to differentiate in vitro and in vivo into cardiac myocytes, smooth 

muscle and endothelial vascular cells and when transplanted into the border zone of an infarct or into a 

myocardium with severe diffuse damage, they regenerate functional contractile muscle, the 

microvasculature and the connective tissue 10,12. 

Moreover, a consensus is gaining ground that most of the favourable effects of cell transplantation 

protocols used until now exert their beneficial effect by a paracrine mechanism of the transplanted cells 

over the surviving myocardial cells at risk and/or through the activation of the endogenous myocardial 

regenerative capacity represented by the eCSCs 13,14. 

Work undertaken by Ellison and colleagues has contributed towards developing innovative strategies to 

mobilize and activate eCSCs, as a tool for efficient tissue repair. One of these strategies is exercise training.  

The protective and therapeutic effects of physical exercise on cardiac disease are well known 15. One of 

these effects is mediated by the stimulation of several growth factor secretion such as the transforming 

growth factor beta (TGF-β)116, that seems to play a role in cardiac muscle regeneration. TGF-β1 stimulates 

the differentiation of bone marrow stem cells into immature cardiomyocytes, and also enhances the 

differentiation of fibroblast into myofibroblasts, which produce collagen to aid scar formation after MI 17,18.  

The aim of this project is to use exercise training to activate physiological signalling cascades (such as TGF-

1 signalling), resulting in eCSC activation, migration, proliferation and differentiation into new, 

functionally competent cardiomyocytes in order to reverse the functional and molecular abnormalities 

associated with cardiac pathology such as myocardial infarction. 

During the first months of my project I attended a training course in order to apply for the Personal Licence 

required by the Animals (Scientific Procedures) Act 1986 (ASPA) before carriyng out in vivo procedures (MI, 

exercise training). In the main time, I took advantage of the well established in vitro assay available in our 

laboratory to clone and expand a single rodent eCSC and i decided to analize if these clones, through a 

paracrine effect, are activated with their rapid maturation into beating cardiomyocytes. 

c-kitpos CD45neg  CSCs, previously isolated from adult rat heart, were seeded onto flasks precoated with 1.5% 

gelatin and maintained in eCSC growth media, consisting of Dulbecco’s MEM/Ham’s F12 (DMEM/F12) 
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medium, 10% ESQ‐FBS, LIF (10ng/ml), bFGF (10ng/ml), EGF (20ng/ml), insulin‐transferrin‐selenite (ITS), 1% 

penstrep, 0,1% fungizon and gentamicin.  

Single-cell-derived clonal colonies were generated by serial dilution seeding 1 cell per well of a 96-well 

tissue culture plate precoated with 1.5% gelatin. The best colony has been used to induce differentiation of 

cardiac stem cells.  

For cardiomyogenic differentiation, rat eCSC clones were pretreated with 100 nM oxytocin for 72 hours in 

rat eCSC growth media before being placed in bacteriological dishes with cardiosphere-forming media 

composed of eCSC growth media devoid of LIF and oxytocin. Rat eCSC-derived cardiospheres (fig.1) were 

transferred to laminin-coated coverslips  in base differentiation media composed of α-minimum essential 

medium, 2% ESQ-FBS, dexamethasone, ascorbic acid and β-glycerophosphate. In addition, transforming 

growth factor (TGFβ1), bone morphogenetic protein (BMP2) and BMP4  were included in the medium up to 

day 4. At day 4, TGFβ1 and BMP2/4 were removed and dickkopf-1 (Dkk-1) was added to the base 

differentiation media up to day 14. 

The cells were fixed with 4% paraformaldehyde  for 20 minutes, at 37°. Coverslips were washed in 0.1% 

Tween 20 in PBS (5 × 2 minutes), and cells permeabilized using 0.1% Triton X-100 for 10 minutes, at RT. 

Cells were blocked using 10% donkey serum in 0.1% Tween 20 for 30 minutes, at RT. Primary antibodies 

against Nkx 2.5 and -sarcomeric actin were applied overnight at 4°C diluted to a working concentration of 

1:50 with 0.1% Tween 20. After washing in 0.1% Tween:20 PBS (5 × 2 minutes each), appropriate secondary 

antibodies were diluted to a working concentration of 1:100, and coverslips were incubated for 1 hour at 

37°C. Following another washing step with 0.1% Tween 20: PBS (5 × 2 minutes each), nuclei were 

counterstained using 4′,6-diamidino-2-phenylindole (DAPI) (1 µg/ml) for 15 minutes, at RT. Stained 

coverslips were then mounted using Vectashield mounting media (Vector Laboratories, Burlingame, CA). 

Fluorescence was visualized, and images were acquired using confocal microscopy (Nikon, A1+ confocal 

laser microscope system).  

Prelimary data showed that this growth factor cocktail induced cardiomyogenic differentiation as 

underlined by the expression of Nkx 2.5 and -sarcomeric actin in the figure 2. 
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DAPI -SARC Nkx 2.5 

 

 

 

 

 

 

 

 

 

Figure 1. Rat eCSC-derived cardiospheres. 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Differentiation of rat eCSC-derived cardiospheres. Cell nuclei are labelled with 49,6-

diamidino-2-phenylindole (DAPI, blue). Observed Nkx2.5+ (green) a-sarc+ (red) cells. 
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