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            Abstract
Ventricular tachyarrhythmias are the main cause of sudden death in patients after myocardial infarction. Here we show that transplantation of embryonic cardiomyocytes (eCMs) in myocardial infarcts protects against the induction of ventricular tachycardia (VT) in mice. Engraftment of eCMs, but not skeletal myoblasts (SMs), bone marrow cells or cardiac myofibroblasts, markedly decreased the incidence of VT induced by in vivo pacing. eCM engraftment results in improved electrical coupling between the surrounding myocardium and the infarct region, and Ca2+ signals from engrafted eCMs expressing a genetically encoded Ca2+ indicator could be entrained during sinoatrial cardiac activation in vivo. eCM grafts also increased conduction velocity and decreased the incidence of conduction block within the infarct. VT protection is critically dependent on expression of the gap-junction protein connexin 43 (Cx43; also known as Gja1): SMs genetically engineered to express Cx43 conferred a similar protection to that of eCMs against induced VT. Thus, engraftment of Cx43-expressing myocytes has the potential to reduce life-threatening post-infarct arrhythmias through the augmentation of intercellular coupling, suggesting autologous strategies for cardiac cell-based therapy.
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                    Figure 1: 
                        VT in control, sham-injected and SM-engrafted hearts.
                      [image: ]


Figure 2: 
                        VT protection in eCM-engrafted hearts.
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Figure 3: Entrainment of engrafted eCMs  in vivo. [image: ]


Figure 4: 
                        eCM engraftment improves conduction and prevents re-entry in Langendorff-perfused hearts.
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Figure 5: 
                        VT protection in Cx43-expressing SM-engrafted hearts.
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Supplementary Video 1
This file contains Supplementary Video 1 which shows in vivo monitoring of functional engraftment of GCaMP2+ embryonic cardiomyocytes in the infarct. Ca2+ signaling is detected within a section of infarcted left ventricle during sinus rhythm (heart rate: 490 bpm) in an anesthetized and ventilated mouse with open chest. Engrafted cells are coupled (2:1) to the native myocardium. GCaMP2 fluorescence only increases in case of coupling, the paradox movement of the infarcted area does not alter the fluorescence intensity. Recorded at 112 fps and displayed at 11.2 fps. (MOV 2570 kb)


Supplementary Video 2
This file contains Supplementary Video 2 which shows optical voltage recordings in infarcted, sham injected mouse. Di-4-ANEPPS fluorescence signals during S1-S2 stimulation protocol in an isolated heart. The first 2 waves are produced by stimulations at 150 ms, followed by early activation at 80 ms cycle length (white dot indicates S2 start). Note the movement of the voltage wave around the infarct area and the induction of prominent circular waves by S2 stimulation (see also Fig. 4d). Recorded at 1 kHz and displayed at 66 fps. (MOV 3690 kb)


Supplementary Video 3
This file contains Supplementary Video 3 which shows that engraftment of embryonic cardiomyocytes results in conduction of voltage wave into the infarct. Same stimulation protocol as in Supplementary Video 2. Note partial invasion of infarct by voltage wave during S2 stimulations and failure of S2 protocol (white dot) to produce boundary effects. Engraftment was confirmed by visualization of fluorescence of engrafted cells. Recorded at 1 kHz and displayed at 66 fps. (MOV 3448 kb)
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        Editorial Summary
Connexin 43 for the heart
Cell-based therapies are thought to have great potential for the treatment of cardiovascular diseases. Current clinical trials aim to restore contractile force by the transplantation of autologous skeletal muscle or bone marrow cells in the failing heart, but this approach has so far met with only limited success. Work in mice with experimentally induced myocardial infarcts has now produced the finding that engraftment of fetal cardiomyocytes provides potent protection against ventricular arrhythmia, a common cause of death in patients following heart attack. The implanted cells are activated by the normal cardiac action potential and the engraftment of these electrically coupled cells establishes pathways of increased conduction into the infarct. In addition, connexin 43, a protein found at 'gap junctions' between neighbouring cells, has been implicated in this protection. Surprisingly, expressing this protein in skeletal muscle cells now confers properties similar to the fetal cardiomyocytes. These results suggest a new approach to cell-based therapy for cardiac dysfunction.
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