Heart tissue regenerated with synthetic RNA
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Cardiac stem cells have been converted into blood vessels in the damaged hearts of mice, with a new technology developed by researchers at Harvard University and Sweden.

The researchers delivered synthetic messenger RNA to a place in the heart where cardiac progenitor cells are found. This mRNA codes for a protein called VEGF-A that guides the stem cells into becoming blood vessels instead of heart muscle. Only one treatment was required to effect this long-lasting change, by tipping the fate of the stem cells to differentiate into blood vessels.

The study was reported Sunday in Nature Biotechnology. The first author is Lior Zangi of Harvard. The senior author is Kenneth Chien, of Harvard and Karolinska Institute in Stockholm, Sweden.




Kenneth Chien, a Harvard University researcher, was recently recruited as a researcher to Karolinska Institutet and now divides his time between Sweden and the US. — Ulf Sirborn
Cambridge, Mass.-based Moderna Therapeutics is developing the method for use in people, in collaboration with AstraZeneca. The latter agreed in March to pay Moderna $240 million upfront to develop drugs with its technology.

Hearts have a reservoir of stem cells with regenerative capacities. However, the stem cells typically don't repair most of the damage from major heart attacks. Scar tissue arises instead, which doesn't help pump blood but does prevent further damage.

Unexpectedly, the study found that the modified messenger RNA coding for VEFG-A recruits epicardial progenitor cells, which exist on the heart surface, to create new heart tissue. These cells normally become scar tissue.

"VEGF-A modRNA amplified these progenitors, mobilized their migration into the myocardium and redirected their differentiation toward cardiovascular lineages," the study stated. "These results indicate that modRNA gene transfer drives in vivo heart progenitor cell fate to enhance cardiac repair."

The study says messenger RNA provides potential advantages over using genes, which cause mRNA to be made, which in turn makes protein, or directly administering the protein itself.

Gene therapy, often delivered through a virus, can cause an antiviral immune response, is hard to deliver in a controlled dose, and has a low rate of effectiveness. Proteins have short half-lives and can produce side effects when given systemically.

Modified RNA, altered so it doesn't provoke an immune response, represents an alternative, the paper stated. The goal was to deliver the modRNA so that it recreates the timing of natural signals that activate the progenitor cells.

Other researchers are working on cardiac regeneration, with and without stem cells.

A combination of nanofibers and VEGF enhanced heart regeneration in pigs, according to a study from Taiwanese researchers published in August 2012, in Science Translational Medicine.

Hydrogel for damaged hearts

Hydrogel made from pig hearts is to be tested in human clinical trials starting by the end of 2013 by San Diego's Ventrix. The hydrogel is designed to help regenerate cardiac tissue damaged in heart attack patients.

That study was accompanied by a review article on progress in cardiac regeneration, written by UC San Diego researcher Karen Christman. She is working on a similar approach with San Diego-based Ventrix, a company she founded to commercialize the treatment. Ventrix uses a hydrogel made from the connective tissue of pig hearts, stripped of its cells. The hydrogel provides a scaffold for the stem cells to migrate to and turn into heart tissue.

A study published in February 2013 in Science Translational Medicine found that the Ventrix approach improved heart function and regenerated more heart muscle than was found in control pigs not given the treatment.

In February, Ventrix said it would start a human clinical trial in Europe by the end of 2013.

