Electrophysiological characterization of pacing-induced maturation in Human iPSC-Derived Cardiomyocytes
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Introduction. Human induced pluripotent stem cell-derived cardiomyocytes (hiPS-CMs) hold significant promise for cardiac safety assessments in drug development. However, their immaturity poses a challenge in understanding pathophysiological mechanisms related to adult cardiac diseases.
Aims. This study focuses on the maturation of electrophysiological properties of hiPS-CMs using a bio-engineering technique through sustained electrical pacing. 
Methods.  Commercially available hiPS-CMs (iCell-CM2, CDIJ, Fujifilm) were cultured to form 2D sheets on fibronectin-coated substrates. Electrical pacing (3.0 - 6.3 V/cm, 1 ms, 1 Hz) was applied for 1 week. Subsequently, cell sheets were enzymatically isolated, reseeded, and electrophysiological properties were investigated in patch-clamped myocytes.
Results. Pacing stimuli for 1 week significantly shifted the average maximum diastolic potential by 5.3 mV toward a more negative value and significantly prolonged action potential durations (APD50) by 36% (control; n = 25, pacing; n = 34). In the voltage-clamp experiments, the pacing enhanced the IK1 currents and reduced the If currents. However, the L-type Ca2+ channel (LTCC) peak currents remained unchanged. Additionally, β-adrenergic stimulation with isoproterenol shifted the LTCC activation curve by 1.07 mV more in the pacing group compared to controls.
Discussion. These findings suggest improved electrophysiological maturity and enhanced drug responsiveness in human iPS cell-derived cardiomyocytes following sustained electrical pacing, supporting their utility in cardiac disease modeling and pharmacological testing. 
