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The effects of polyunsaturated fatty acid supplementations on cultured cardiomyocytes

Tissue-engineered myocardial equivalents have inferior contractile function compared to their
counterpart in vivo. Our previous studies revealed that the contractile fraction of cultured fetal
cardiomyocytes with supplementation of docosahexaenoic acid (DHA) or arachidonic acid (AA) was
significantly higher than that without the fatty acids supplementation. In this study, we aimed to clarify the
effects of DHA and AA on the cultured cardiomyocytes derived from fetal rats or human induced
pluripotent stem cells (hiPSCs). Cardiomyocytes were isolated from rat embryos on about 20 days
after fertilization and cultured on gels or dishes for one week, i.e. primary culture of fetal
cardiomyocytes. mRNA was extracted on days 1, 2 and 7 and contractile force was measured
on days 4 and 7 by a lab-made measurement device. Cardiomyocytes derived from hiPSCs
(hiPS-CMs) were cultured on gels or dishes for two weeks. mRNA extraction and
measurement of contractile force and contractile fraction were performed on day 14.
Furthermore, the concentration of fatty acid and glucose metabolites were measured on days 4
and 15. Cardiomyocytes cultured with medium without fatty acid supplementation was
indicated as Control, and cultured with supplementation of 20 pM DHA or 50 uM AA was
indicated as DHA group or AA group, respectively. In the case of cultured fetal cardiomyocytes,
contractile force of the AA group tended to be higher than that of Control on day 7, while
DHA group were almost as the same as Control on both measurement days. In terms of gene
expression, several genes such as differentiation marker Nkx2.5 and fatty acid metabolism
marker Cd36, in particular, cell adhesion markers Cdh2 and Cx43 were at significantly higher
levels for both DHA and AA groups than for the Control. In the case of cultured hiPS-CMs,
there was no significant change in contractile force compared to the Control. The contractile
force of DHA group was slightly higher than that of the Control, and that of AA group tended
to be lower. On the other hand, the contractile fraction was higher for the supplementation
groups than that for the Control, and AA group presented significantly higher value.
Furthermore, cell clusters were formed when fatty acids were supplemented in the media, and
they were more obviously observed for the AA group. Finite element analysis (FEA) revealed
that the clusters concentrated the contractile force on the gel surface. As for gene expression,
differentiation marker P300 and Cd36 were at significantly higher levels for AA group than
for the Control, while expression of differentiation marker Mlc2v was significantly lower in
DHA group. Cdh2 was significantly lower for both DHA and AA groups. In energy
metabolism, the glucose metabolite (G6P) concentration decreased and the fatty acid
metabolite (BHB) concentration increased in the cytoplasm wunder fatty acid
supplementations, in particular AA group significantly lower than that of Control. It suggests
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that a certain amount of fatty acids are consumed in energy metabolism, and that the AA
group in particular may enhance metabolism. These results revealed that DHA or AA
supplementation does not directly improve the contractile force of cultured cardiomyocytes;
however, it was suggested that the fatty acids could improve contractility by enhancing cell
adhesion and cluster formation for the cultured cardiomyocytes.
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