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The generation of human cardiomyocytes (CMs) from human pluripotent stem cells (hPSCs) has become an im-
portant resource for modeling human cardiac disease and for drug screening, and also holds significant potential
for cardiac regeneration. Many challenges remain to be overcome however, before innovation in this field can
translate into a change in the morbidity and mortality associated with heart disease. Of particular importance
for the future application of this technology is an improved understanding of the electrophysiologic characteris-
tics of CMs, so that better protocols can be developed and optimized for generating hPSC-CMs.Manydifferent cell
culture protocols are currently utilized to generate CMs from hPSCs and all appear to yield relatively “develop-
mentally” immature CMs with highly heterogeneous electrical properties. These hPSC-CMs are characterized
by spontaneous beating at highly variable rates with a broad range of depolarization-repolarization patterns,
suggestive of mixed populations containing atrial, ventricular and nodal cells. Many recent studies have
attempted to introduce approaches to promotematuration and to create cells with specific functional properties.
In this review, we summarize the studies in which the electrical properties of CMs derived from stem cells have
been examined. In order to place this information in a useful context, we also review the electrical properties of
CMs as they transition from the developing embryo to the adult human heart. The signal pathways involved in
the regulation of ion channel expression during development are also briefly considered.
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1. Introduction

Heart disease remains the leading cause ofmortality in theworld [1].
Nevertheless, the number of FDA approved therapies has been declining
over the last decade, despite a rapid growth in the number of drug tar-
gets being identified via high throughput screening technologies [2].
One of the greatest obstacles for translating new discoveries into better
therapies has been our dependence on animal models of disease whose
predictive capacity, and thereby applicability, for understanding human
disease and responses to treatment are limited. Some of the primary

factors underlying the limitation of animal models can be traced to dif-
ferences in heart anatomy and electrophysiolocal (EP) properties from
that of humans [3,4]. For example, the mouse heart is about ~1500-
fold smaller andhas a 10-fold higher heart rate (HR) thanhumanhearts,
which are accompanied by many differences in the types and densities
of several ion currents. Consequently, the generation of human
cardiomyocytes (CMs) from renewable sources has become an impor-
tant resource for modeling human cardiac disease, for drug screening
and for both replacing myocardium lost and restoring cardiac function
following myocardial infarction. The primary sources of human CMs
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