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Researchers create more realistic synthetic
human mini hearts

February 24 2024

A heart organoid montage showing different parts of the heart in the same
organoid—epicardium in red, myocardium in green, epithelial junctions in
magenta and cell nuclei in blue. Credit: Brett Volmert

Thanks to advancements in the development of patented synthetic
human-like hearts first created at Michigan State, researchers can study
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human heart development and congenital heart disease on highly
accurate models. This is facilitating the development of new therapies
and pharmaceutical drugs to treat a variety of heart-related diseases just
in time for the observance of American Heart Month in February.

Similar in size and development to fetal human hearts, these mini heart
organoids are becoming increasingly complex and realistic. The MSU
research team that created the mini hearts first published their findings
in 2020. They have quickly become a world leader in this field and their
latest advancements have been published in Nature Communications and
Stem Cell Reports.

Aitor Aguirre, associate professor of biomedical engineering and chief
of the division of developmental and stem cell biology in MSU's Institute
for Quantitative Health Science and Engineering, explained that the
introduction of realistic models is essential to the discovery of effective
and clinically translatable solutions to cardiovascular disease. An
estimated 21 million annual deaths are related to this condition,
including disorders of the heart and blood vessels. And that number is
growing.

" Although 90% of cardiovascular disease is thought to be preventable, it
has become the leading cause of death in the developed world," Aguirre
said. "Thanks to advancements in stem cell technologies and
bioengineering, we can grow and study human hearts. This will
revolutionize medical approaches to treating and preventing heart
diseases and congenital conditions by helping us understand the
mechanisms of disease.

"In the future, we expect that fewer patients will need treatment and for
those who do, the development of new drugs will take less time," he
added. "For congenital defects in particular, prevention is the best
solution. This i1s why the mini heart organoids can really change the way
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we approach health care."

As an example, Aguirre explained that pharmaceutical companies will
pull drugs from the market if they are found to cause cardiotoxicity. To
be able to predict toxicity in advance could save money, time and reduce
the risk of drug failure.

The mini heart organoids are developed with donated pluripotent stem
cells from adults. Their cellular complexity and physiological relevance
enable the study of human heart development and disease in a dish to a
degree previously unseen.

"We created a model using these organoids to study the effects of
maternal diabetes at every stage of development in the fetal heart,"
Aguirre said. "This is the definition of precision medicine. We can use
science to make clinical practice more precise."

More information: Brett Volmert et al, A patterned human primitive
heart organoid model generated by pluripotent stem cell self-

organization, Nature Communications (2023). DOI:
10.1038/s41467-023-43999-1

Aleksandra Kostina et al, ER stress and lipid imbalance drive diabetic
embryonic cardiomyopathy in an organoid model of human heart
development, Stem Cell Reports (2024). DOIL:
10.1016/j.stemcr.2024.01.003
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