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Doing the dirty work: progress in the search for a
reliable protocol for cardiomyogenesis
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Abstract

Cardiomyocytes generated from pluripotent

stem cells have the potential to facilitate our
understanding of cardiac diseases and help in their
treatment. However, realizing the full potential of

this technology is limited by the field’s inability to
efficiently and reliably differentiate pluripotent stem
cells into cardiomyocytes. But now, due to a massive
undertaking by Burridge and colleagues in a recent
issue of PLOS One, we are one step closer to the
reliable creation of cardiomyocytes. By systematically
addressing 45 different variables, Burridge and
colleagues were able to develop a protocol that
consistently produced cardiomyocytes independent of
the cell source. However, work still needs to be done to
increase the efficiency and definitively determine the
maturity of the myocytes generated through such a
protocol.

Pluripotent stem (PS) cells may be a useful tool for
cardiovascular disease in three principal ways. First, they
can help elucidate mechanisms underlying cardiac
development. For example, embryonic stem cells have
been used to define distinguishing features of cardio-
vascular progenitor cells [1]. Second, they can be used to
model cardiac diseases, as demonstrated recently when
induced PS (iPS) cells were used to create in vitro models
of hypertrophic cardiomyopathy and long-QT syndrome
[2,3]. Third, they have potential as a therapeutic modality,
as some studies suggest that transplanting stem-cell-
derived cardiomyocytes can ameliorate heart failure [4,5].
There are numerous PS cell culture protocols for
cardiomyogensis. The most basic involves culturing the
stem cells in serum for extended periods of time followed
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by dissection of beating cells and expansion [6]. The
appeal of this protocol is its simplicity and reproducibility.
But these advantages are tempered by this protocol’s
inherent inefficiency, which is as little as 0.5% [7], and the
systematic exclusion of cardiomyocytes that are not
spontaneously beating.

More complex protocols involve the exposure of PS
cells to a sequential variety of cytokines known to induce
mesoderm formation and, subsequently, cardiac differen-
tiation. Using these protocols the efficiency can approach
80% [8]. However, due to interline variability, cytokine
regimens must often be optimized, which can be cost and
time prohibitive, especially when working with iPS cells,
which can demonstrate intrapatient variability. Other
protocols can include treatment of culture surfaces [9],
electrical or mechanical stimulus to coerce pluripotent
cells to differentiation into cardiomyocytes, and genetic
or drug selection systems to isolate cardiomyocytes [10].
However, all of these methods are limited. Genetic
manipulation restricts downstream applications, particu-
larly therapeutic ones. And the time required to serially
transfect multiple iPS cell lines, first with reprogramming
factors and then with cardiac selection vectors, can be
cumbersome. In summary, current techniques suffer
from being inefficient, expensive or overly tedious.

To further complicate matters, determining the degree
of cardiac enrichment remains a challenge. Methods that
tally the percentage of beating-cell clusters are too
restrictive, as they exclude cardiomyocytes that do not
spontaneously beat, while other methods that tally the
percentage of cells expressing cardiac-specific proteins,
such as troponin T, may be too permissive. Moreover,
other more accurate methods, such as patch clamping,
are too tedious to perform routinely on large populations
of cells. Without a reliable and universal method to deter-
mine cardiomyocyte identity, comparing the efficiency of
various cardiomyogenesis protocols remains difficult.

In a recent issue of PLOS One, Burridge and colleagues
[11] attempted to address some of these problems by
analyzing and systematically comparing 45 different
variables for their ability to influence cardiomyogenesis.
Using this information they then derived a protocol that
combines standard culture techniques with more current
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techniques to efficiently and consistently generate cardio-
myocytes regardless of the cell line used. Reportedly, this
optimized system generated anywhere from 64 to 89%
cardiomyocytes, as assessed by intracellular fluorescence-
activated cell sorting (FACS) staining of cardiac troponin
t. Additionally, the differentiated cells physiologically and
ultrastructurally resemble cardiomyocytes. Cell lines
tested included several human embryonic stem cell lines,
as well as iPS cell lines from numerous patients and
various sources (including skin fibroblasts and cord
blood cells). They also compared iPS cell lines made with
traditional integrating factors as well as non-integrating
episomal factors. Thus, it appears that this new protocol
may allow for the generation of iPS cell lines from
patients reliably and easily.

In addition to the good results, this protocol was both
simple and cheap. Cells were differentiated in V-shaped
96-well plates, which was felt to result in uniform
embryoid body formation. Then only a few factors,
deemed to be critical for cardiogenesis, were used to
induce differentiation, including bone morphogenetic
protein 4 (BMP4), fibroblast growth factor 2 (FGF2),
polyvinyl alcohol, serum, and insulin. Additionally, they
found that hypoxia was only required to induce the iPS
cell lines but not to induce the embryonic stem cell lines.

However, the work still has several limitations. First,
enrichment is still not uniform and therefore not ideal.
While 64% is good, the enrichment needs to be higher
before the translational potential of this technology is
realized. Second, it remains uncertain whether the
cardiomyocytes generated in this study are mature or
not. Immature or fetal myocytes have distinctly different
biophysical properties. Accordingly, their creation would
limit the utility of these myocytes for understanding and
treating adult cardiac disease. Third, it remains to be
determined whether this method can be successfully
scaled up to generate the billions of cells needed for
therapeutic use. As is, the 96-well-plate format poses a
significant labor cost.

The promise of stem cells for the study and treatment
of cardiovascular disease remains largely unfulfilled. And
while the work performed by Burridge and colleagues
may not provide much insight into the biological
mechanisms of cardiac development, it represents a
significant advancement in the field’s technical ability to
reliably produce cardiomyocytes from numerous cell
lines, which is essential for realizing the full potential of
induced cardiomyocytes.
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