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

challenge this dogma1. 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 over2, although authors are still 

debating the magnitude of this phenomenon3,4. 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 cells7.  

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 

cell8. 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 
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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 eCSCs13,14. 

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 known15. 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- 

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. 

As already described in the half-period report, in the first part of my project I carried out in vitro studies to 

evaluate the differentiation potential of rodent eCSC-derived cardiospheres  in response to combined 

cytokines of the TGF-β superfamily (TGFβ1, BMP2, BMP4). My data shown the growth factor cocktail 

induced cardiomyogenic differentiation as underlined by the expression of cardiac lineage markers ( 

sarcomeric actin, Nkx2.5) (Fig 1). 

Also, I attended a training course in order to apply for the Personal Licence required by the Animals 

(Scientific Procedures) Act 1986 (ASPA) to carry out in vivo experiments. 
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Fig.1 Effect of TGF-β cytokine combined treatment on rat eCSC-derived cardiospheres. 

Cardiospheres derived from rat CSC clones pretreated with oxytocin and placed in bacteriological dishes 

with cardiosphere-forming media (A). Differentiation of rat CSC-derived cardiopheres induced by the TGF-β 

cytokines combined treatment (B). Cell nuclei are labelled with 49,6-diamidino-2-phenylindole (DAPI, blue). 

Observed Nkx2.5+ (green) a-sarc+ (red) cells. 

 

TGF family members have been recognized as crucial for both human and mouse ESC’s cell fate 

determination and, in particular, seems to be involved Oct4, a maker of pluripotency19.  

Oct4 is a homeodomain-containing transcription factor (TF) of the POU family and is highly expressed in 

embryonic stem cells with a critical function in embryonic development and stem cell pluripotency. A series 

of in vitro studies have inferred many roles of Oct4 between the prestreak and headfold stage, including 

regulating neural versus mesendoderm differentiation as well as promoting cardiomyocyte and neuronal 

differentiation20. Oct4 expression in the blastocyst is required for heart development and the depletion of 

Oct4 is found to result in random heart tube orientation and thin ventricular walls at different stages of 

mice embryonic development21. 

On that basis, in the second part of my progect I decided to understand better the origin and biology of the 

most primitive eCSC population focusing on Oct4 progenitor cells. Therefore, I carried out recombination-
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based lineage tracing studies to identify Oct4-positive (Oct4pos) cells in the heart. In order to provide 

reliable data it is first indispensable to validate the Tamoxifen (TAM) labelling system and demostrate that 

the percentage of Cre recombination in the Oct4pos cells to be tracked is sufficient to be representative of 

the whole test cell population.  

The lineage tracing is a powerful tool to track cells in vivo and provides enhanced spatial, temporal, and 

kinetic resolution of the mechanisms that underlie tissue renewal and repair. The concept of lineage tracing 

relies on identifying and labelling a single cell with an heritable molecular ‘mark’, in such a way that this 

mark is transmitted to progeny cells22. To conduct my lineage tracing experiments, I used Oct4MerCreMer 

mice crossed with membrane Tomato/membrane Green (mT/mG) reporter Gt(ROSA)26Sortm4(ACTB-

tdTomato,-EGFP)Luo/J mice.  The Oct4MerCreMer mice have a tamoxifen inducible form of the Cre 

recombinase (CreERTM) under the control of the murine OCT4 promoter allowing us to investigate the 

spatial and temporal induction of endogenous Oct4 expression. The mT/mG reporter mice are 

characterized by labelling with membrane-targeted red fluorescence protein (mT) in widespread 

cells/tissues before Cre recombinase-mediated excision and membrane-targeted green fluorescent protein 

(mG) after Cre recombinase-mediated excision. In my double transgenic mice upon tamoxifen exposure 

Oct4pos cells and their future progeny are labelled as green. 

Embryonically, Oct4 is present in the developing zygote and down-regulated somatically between E7.0 and 

E9.0 depending on the cell type20. Therefore, Oct4MerCreMer/mTmG  pregnant mice, previously 

genotyped by PCR for Pou5f1 Cre-ERTM  and mT/mG alleles, were injected i.p. with TAM (1 mg/twice a day) 

for 3 days at ≈E3.0, ≈E3.5, ≈E4.0, ≈E4.5 and ≈E5.0.  

50 mg of TAM (Sigma) was dissolved by sonication in a solution of ethanol /peanut seed oil (1:9; Sigma) and 

kept in a ∼60°C water bath during preparation and prior to administration to avoid precipitation.  

For staging, embryos were assumed to be 0.5 days post coitum at 1pm on the day a vaginal plug was found. 

This is 12 hrs after the midpoint of the 14 hr light/10 hr dark cycle we used, where the lights were shut off 

every night at 8 pm and came on every morning at 6 am. Given the relevance of staging to this set of 

experiments, it is important to note that use of vaginal plugs –as opposed to direct observation of 

conception– is accompanied by ±7 hrs of variability in embryonic staging and is inferred from the midpoint 

of the dark period in the light/dark cycle.  

Embryos (E8.0) and offspring tissues (P2) from mothers treated with TAM were harvested 72 h 

postinjections and 2 days after the birth, respectively, and processed to detect Cre-recombination activity 

by immunofluorescence staining.  
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Whole mount analysis in embryos at embryonic day 8.0 showed widespread green fluorescence protein 

(GFP) expression throughout the body (≈80%) compared to the red florescence protein (RPF). RFP and GFP 

expression shown the effective Cre recombination in Oct4pos cells before (RFP) and after (GFP) Cre 

recombinase-mediated excision, respectively (Fig. 2).  

 

 

Fig.2 TAM inducible Cre-mediated recombination in Pou5f1Cre-ERTM; mT/mG mouse embryos. 

Transgenic embryos were subjected to whole-mount immunofluorescence staining for GFP and RFP at 8.0 

dpc, 72 h after TAM administration.  

A-D) Representative embryos in which recombination had occurred in the zygote. A) Whole-mount view of 

embryo stained for GFP (green). Sagittal view of embryo stained for GFP (B,C; green) and  RFP (B,D; red). 

 

The data have been also confirmed by the high GFP expression in the Oct4pos cells of all offspring tissues 

from TAM-treated mother (Fig. 3).  
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Fig.3 Tissue distribution of functional Cre recombinase in postnatal Pou5f1Cre-ERTM; mT/mG mice 

Analysis of postnatal tissue sections indicated that greater than 55% of cells expressed GFP underliyng that 

TAM induced an efficient recombination in utero.  

Cell nuclei are labelled with 49,6-diamidino-2-phenylindole (DAPI, blue). Observed GFP+ (green) cells. 

In conclusion, our data shown 2mg/day tamoxifen treatment for 3 days in utero is sufficient to induce an 

high Cre-recombination frequency in Oct4pos cells of embryos and postnatal mice to be representative of 

the whole test cell population. 
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