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Biomedical engineers patch a heart using
novel tissue cell therapy

May 6 2011

(Medical Xpress) -- Researchers at Columbia Engineering have
established a new method to patch a damaged heart using a tissue-
engineering platform that enables heart tissue to repair itself. This
breakthrough, recently published in the Proceedings of the National
Academy of Sciences, 1s an important step forward in combating
cardiovascular disease, one of the most serious health problems of our
day.

Led by Gordana Vunjak-Novakovic, Professor of Biomedical
Engineering at Columbia University's Fu Foundation School of
Engineering and Applied Science, the researchers developed a novel cell
therapy to treat myocardial infarction (heart damage that follows a heart
attack). They were able, for the first time, to combine the use of human
repair cells that were conditioned during in-vitro culture to maximize
their ability to revascularize and improve blood flow to the infarcted
tissue with a fully biological composite scaffold designed to deliver these
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cells to the damaged heart. With this platform, they could both keep the
cells within the infarct bed (in contrast to the massive cell loss associated
with infusion of cells alone) and enhance cell survival and function in the
infarct bed, where most of the cells would have died because of the
obstruction of their blood supply.

"We are very excited about this new technique," said Dr. Vunjak-
Novakovic. "This platform is very adaptable and we believe it could be
readily extended to the delivery of other types of human stem cells we
are interested in to rebuild the heart muscle and further our research of
the mechanisms underlying heart repair."

In effect, the Columbia Engineering team (with Amandine Godier-
Fournemont and Timothy Martens as lead authors) removed the cells of
a human heart muscle—the myocardium—Ieaving a protein scaffold
with intact architecture and mechanical properties. They filled the
scaffold with human mesenchymal progenitors (stem cells that can
differentiate into many cell types) and then applied the patches to
damaged heart tissue. The patches promoted the growth of new blood
vessels and released proteins that stimulated the native tissue to repair
itself. Moreover, the team also used this controllable platform to identify
the signaling mechanisms involved in the repair process, and expand our
knowledge about the role of cells and scaffold design on heart repair.

"It really 1s encouraging to make progress with 'instructing’' cells to form
human tissues by providing them with the right environments," noted Dr.
Vunjak-Novakovic. "The cells are the real 'tissue engineers'—we only
design the environments so they can do their work. Because these
environments need to mimic the native developmental milieu, the
progress in the field is really driven by the interdisciplinary work of
bioengineers, stem cell biologists, and clinicians. By enabling
regeneration and replacement of our damaged tissues, we can help
people live longer and better."
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Dr. Vunjak-Novakovic and her team already have several active research
projects that continue this line of work. They are now investigating the
formation of a contractile cardiac patch using human stem cells that can
give rise to both the muscle and vascular compartments of the heart
muscle. They are also studying how the cells within such a cardiac patch,
when implanted on infarcted heart tissue, develop their ability to
generate mechanical force and electrical conduction, and how these
functions can be modulated by in-vitro culture.

"Ultimately, we envision this system as a possible point of care
approach,"” said Dr. Vunjak-Novakovic, "with components actually
produced and assembled in the operating room to most effectively target-
signaling mechanisms involved in the repair process of someone's
damaged heart."

More information:
http://www.pnas.org/content/early/2011/04/19/1104619108.long
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