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Increased transsarcolemmal Ca2+ flux in mice with cardiomyocyte-specific deletion of the Serca2 gene
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Heart failure is associated with reduced activity of the sarcoplasmic reticulum (SR) Ca2+ ATPase (SERCA) in cardiomyocytes. To investigate the cardiac phenotype following SERCA downregulation, we recently created a genetically modified mouse which allows conditional cardiomyocyte-specific excision of the Serca2 gene. Four weeks after gene deletion SERCA2 knockout mice (SERCA KO) exhibit very low levels of SERCA2 protein (< 5% control) although the animals do not exhibit signs of heart failure. Here we examined whether endogenous mechanisms compensate for reduction in SERCA expression in isolated left ventricular cardiomyocytes. SERCA KO myocytes exhibited markedly reduced contraction magnitudes relative to flox-flox controls (SERCA FF) during 1 Hz field stimulation (SERCA KO = 27% SERCA FF values, P<0.05). Relaxation was also much slower in SERCA KO cells (maximal relaxation rate = 7% of SERCA FF). Parallel alterations were observed in Ca2+ homeostasis; Ca2+ transients (fluo-4 AM) were markedly smaller in SERCA KO than SERCA FF and the rate of Ca2+ decline was reduced. The releasable SR Ca2+ content was decreased in SERCA KO to 27% of SERCA FF values. Comparison of transients in the absence and presence of caffeine indicated that while SR Ca2+ release contributed to 91% of the Ca2+ transient in SERCA FF, only 14% of the Ca2+ transient in SERCA KO was SR-derived. The peak L-type Ca2+ current was 53% larger in SERCA KO than SERCA FF, and the outward Na+-Ca2+ exchange current assessed during voltage ramps was increased by between 60% (100 mV) and 103% (60 mV). Thus, increased cycling of Ca2+ across the sarcolemma in SERCA KO cells compensates for diminished contribution of the SR to the Ca2+ transient.

