
 

Heart attack in a dish: a 3-D model
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Low-oxygen cell culture conditions combined with human heart organoids
recreate tissue-level features of a post-heart attack heart. Credit: Dr. Dylan
Richards, graduate of the MUSC Clemson Bioengineering Program
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In the U.S., someone has a heart attack every 40 seconds, and yet
researchers have not had a model that fully mimics what occurs in the
human heart after a heart attack.

A team of investigators at the Medical University of South Carolina
(MUSC) and Clemson University recently reported in an article in 
Nature Biomedical Engineering that they have developed human cardiac
organoids less than 1 millimeter in diameter that closely resemble the
physiological conditions that occur during a heart attack.

The team was led by bioengineer Ying Mei, Ph.D., who holds a joint
faculty position at MUSC and Clemson University. He is part of the
MUSC Clemson Bioengineering program, which places Clemson
bioengineers and bioengineering doctoral students on the MUSC campus
so that they can interact with clinicians in need of engineering solutions.
The article's lead author, Dylan Richards, Ph.D., is a graduate of the
joint program.

"We were essentially able to take that 3-D complex nature of a heart
attack and then downsize it into a microtissue model," said Richards.

Organoids are three-dimensional multicellular tissues that are less than 1
millimeter in diameter. These organoids, or microtissues, function like
their full-size counterparts. In this case, the heart organoids actually beat
and contract as the human heart does. This model uses induced 
pluripotent stem cells, almost like "parent cells," that divide and mature
into several types of heart cells that interact and self-assemble to form
the organoid.

Traditionally, biologists use cells in a dish or animal models, such as
mice or rats, to model diseases being studied. These methods have their
own disadvantages that the organoid model overcomes.
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Cells in a dish are great for learning things at the cellular level, but it is
very unnatural for cells to grow in two dimensions on a flat surface.

Animal models are very useful in taking the next steps toward
recapitulating what happens in the human body, but organoids, especially
those for the heart, are the closest to recreating what occurs in humans.

"The hearts of rats and mice beat five to 10 times faster than those of
humans," Richards explained. "How those mechanisms work physically
-the electrophysiology and the pumping action—is just different because
of the scale."

In contrast, the cardiac organoid recreates a human version of the heart
and closely resembles the tissue dysfunction that takes place after the
oxygen shortage caused by a heart attack. Because it is very difficult to
obtain a sample immediately after a heart attack occurs, most of what we
know about heart attacks comes from observations made long after the
initial oxygen shortage. The organoid model fills in this gap, enabling
visualization immediately after oxygen deprivation.

"This can help us to understand better how cells respond in the short
term and, in turn, how that makes way for long-term damage," said
Richards of the organoid model.

This model also enables researchers to test whether heart drugs improve
heart attack outcomes.

"It could help us determine whether a drug is effective at preventing
some of this damage or preventing a detrimental response to an oxygen
shortage," explained Richards.

The model could also provide a way to test whether a drug that is safe in
a healthy heart is also safe in a diseased one. Such information could
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guide physicians in prescribing drugs more appropriately in patients who
had preexisting heart conditions at the time of the heart attack.

In short, the model provides researchers with an understanding of the
early events of a heart attack that they have not had before. But Mei
intends to make the model even better by including immune cells.
Immune cells are responsible for cleaning out any dead cells caused by
the heart attack, but by doing so, they can determine how immune cells
play a role in the restructuring of heart tissue after damage from an
oxygen shortage. The Mei lab would like to study how they do so in
hopes of preventing the death of damaged but still living areas of the 
heart.

Mei would also like to examine the effects of patients' genetics on their
outcomes. His laboratory is currently working on creating organoids
from cells from patients with diverse outcomes. Those organoids can
then be used to help us to understand more fully how a patient's specific
genetic profile affects his or her recovery.

"We are not the first ones to recapitulate the cellular or even the tissue-
level response. I would argue, however, that we are the first ones to
recapitulate the organ-level response," said Mei.

Special note: Mei, Richards and their co-authors would like to dedicate
this work to their dear friend and co-author Craig Beeson, Ph.D., who
was lost to cancer before the publication of their article.

  More information: Dylan J. Richards et al, Human cardiac organoids
for the modelling of myocardial infarction and drug cardiotoxicity, 
Nature Biomedical Engineering (2020). DOI:
10.1038/s41551-020-0539-4
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