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	Project Title: UNRAVELLING THE ROLE OF BMI-1 AND WNT SIGNALING PATHWAYS IN DETERMINING HUMAN CARDIAC STEM CELL FATE


	Project Summary (maximum 300 words)

Stem cell therapy is fast becoming an attractive and highly promising treatment for cardiovascular diseases. Recently, pioneering studies have demonstrated that the adult mammalian heart, including the human, harbours a small cell population with the phenotype, behaviour and regenerative potential of bona fide cardiac stem cells (CSCs). These findings propose this cell type as the most physiologic and appropriate for cardiac regenerative clinical protocols. CSCs, positive for the stem cell marker, c-kit (c-kitpos), are clonogenic, self-renewing and multi-potent, in that they differentiate into the 3 cardiac lineages; cardiomyocytes, smooth muscle and endothelial cells. When injected into rat infarcted myocardium, CSCs substantially regenerated lost myocardium with new cardiomyocytes and microvascular structures, restoring cardiac function. However, much is still unknown about CSC biology. Identifying factors and molecules that regulate the fate of CSCs is of great importance to expand our current understanding of cardiac biology and to design better protocols for the regeneration of the injured heart. Therefore, this proposal addressed the factors and signalling pathways which regulate human CSC (hCSC) self-renewal and differentiation. We isolated and characterized human CSCs (hCSCs) from small myocardial samples and biopsies obtained during cardiac surgery. Through gain- and loss-of-function assays we have ascertained that hCSC fate is regulated by the Wnt group and Polycomb Group (Bmi-1) family of genes. We found a role for Wnt3A in determining hCSC clonogenicity and proliferation. This cellular effect is mediated by canonical Wnt pathway activation as shown by the nuclear localization of β-catenin and Tcf transcription factor expression upon Wnt3A treatment. Interestingly, beta-catenin silencing through specific si-RNA transfection abolishes the cellular effects of Wnt3A on CSCs. Over-expression of Bmi-1 in CSCs increased proliferation and clonal efficiency. When a specific si-RNA for Bmi-1 was transfected, CSC proliferation was significantly impaired. These data show a key role of Bmi-1 in CSC clonogenesis and self-renewal.

	Pathway
: 

	Statement of achievement against Aims and Objectives (maximum 100 words)
Where applicable, please give a reflective account of any difficulties encountered and remedial action taken
Aim: To ascertain the regulatory processes that govern the growth and differentiation capacity of the CSCs. More specifically, to determine whether the PcG gene, Bmi-1, and the Wnt1 class of genes are significantly involved in the regulation of cardiac stem cell (CSC) fate. We were successful in achieving our aim, although we are currently still working on the role of the Wnt group in directing CSC differentiation. The only difficulties we encountered were a short delay in obtaining the myocardial samples due to shortage of staffing at the hospital. This was sorted out by us obtaining research passports to the hospital and collecting the samples directly from surgery. 

	Significant outcomes, results (maximum 200 words)
Please present these in a way that is comprehensible to non-experts

From undertaking this project we have increased our understanding of cardiac and resident cardiac stem cell (CSC) biology. Specifically we have ascertained that the Wnt3a protein and the polycomb gene, Bmi-1, can increase CSC growth and expansion. These findings can be used to optimise stem cell therapy and regenerative medicine protocols, so that in the future we can activate the stem cells that are resident in the heart to repair and regenerate the heart after a heart attack. 


	Impact of the research or potential for translation of research findings (maximum 200 words)
Heart disease and failure patients will benefit from stem cell therapy. The results of the present study will inform the design of optimal cell therapy and regenerative medicine protocols in a view of implementing personal medicine prescription. With the results of the present study, we can now start to utilise certain drugs, chemicals etc, to stimulate CSCs in their natural environment so they can go on to regenerate the heart without having to resort to cell transplantation. We are now taking our studies further through our significant partnership in the CARE-MI (€11.6 million FP7 EU large scale collaborative project), which focuses on devising novel and innovative therapeutic avenues for the repair and regeneration of the myocardium following heart disease or failure. Over a five year period the project will go from basic science investigation, leading to pre-clinical testing and then finally onto clinical trials using resident CSCs. It is envisioned that this large scale project, will bring about regenerative therapies that are affordable, readily and widely available and easy to apply and compatible with the current clinical standard of cardiac care.  


	Spin-offs (maximum 100 words)
Please state any unexpected consequential activities arising from the performance of the research
It is expected that we will patent our findings and a spin-off company could be started for product development. 



� Optional / where applicable: Clinical / Patient Pathways: 


Maternity & Newborn


Children’s Services


Staying Healthy


Long-term Conditions


Acute Care


Planned Care


Mental Health


End of Life
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