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IS CELL TRANSPLANTATION A VIABLE TREATMENT FOR END-STAGE HEART DISEASE? (Invited Lecture)
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For the treatment of cardiovascular disease states ranging from heart attack to end-stage heart disease, we are developing, 'cellular cardiomyoplasty' (CCM) or myogenesis, to regenerate functioning muscle in previously infarcted, scarred or dysfunctional myocardial tissue. To date, many types of cells have been transplanted into injured myocardium, including fetal cardiomyocytes, autologous skeletal myoblasts, smooth muscle cells, embryonic stem cells and bone marrow-derived stromal and hematopoietic stem cells. Although several of these may hold future promise as a therapeutic option, to date only skeletal myoblasts have been used in a safety trial as a first step toward myocardial repair.    Four promising effects of skeletal myoblast CCM have been reported to date.  The first effect was adequate survival and engraftment of myoblasts in infarcted, necrotic, or toxin-injured heart.  Survival and engraftment of myoblasts after single or multiple injections of varying numbers of myoblasts have also been noted.  Another effect was improved myocardial functional performance irrespective of the method used to assess function, in vitro (dP/dt, force transduction) or in vivo (sonomicrometry, echocardiography).  Finally, myocardial performance was augmented in all animal species studied (rat, rabbit dog, pig, sheep) and more recently in humans.  Although the pre-clinical and initial clinical data appear positive, CCM with skeletal myoblasts is not proven.  Probably the most important questions are those related to cell survival, electrical integration, differentiation, and functional effect.  Preliminary clinical data suggest surgical delivery of myoblast (but not percutaneous delivery) may cause electrical abnormalities. Finally, there is some debate whether myoblasts improve contraction or just prevent further deterioration of the injured heart.  Although skeletal myoblasts appear to be the best first generation cell for use in myocardial repair, the intriguing question remaining is: what cell type will ultimately be best for myocardial repair? Cardiocytes might seem the ideal target at first glance. Yet, several major obstacles remain to the use of these cells in vivo.  First, they must be readily available as a cell source. Given their inability to replicate to a significant degree in vitro or in vivo, this remains unlikely at present. Second, they will require a vascular supply far greater than that required for myoblast survival and one unlikely to easily be obtained in infarct.   Bone marrow derived stem cells have recently received much attention as an ideal target for cardiac repair. By their very nature, these multipotent stem cells respond to their microenvironment and develop a corresponding phenotype. This would suggest that, in normal myocardium, stem cells could become cardiocytes and integrate with surrounding host tissue. Data from several laboratories suggest this is feasible but, the data further suggest, as shown by Wang et al, that when injected into injured or infarcted heart, stem cells develop characteristics of scar.  More recent data suggest that lin- c-kitPOS sub-populations of stem cells can be delivered to repopulate infarcted regions of myocardium with cardiocytes and vascular structures. Although this is an extremely exciting development, these data have only been obtained in mouse heart, where infarct size is exceedingly small and the functional impact of these cells has not rigorously been evaluated. Translating these initial results into larger more physiologically relevant models of human cardiac disease is the critical next step in evaluating stem cell contribution to cardiac repair.   Cell transplantation for myocardial repair has arrived. Carefully evaluating this new modality provides an opportunity to define a new era in the treatment of cardiovascular disease. Designing clinical trials that allow us to adequately evaluate the safety and efficacy of cell transplantation in the absence of complicating adjunctive therapies is crucial. Doing it improperly could relegate the field to failure before its potential is realized.
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