How can we use gene therapy to treat cancer?

Twenty years ago, scientists discovered that short strands of RNA known as microRNA help cells to fine-tune
their gene expression. Disruption or loss of some microRNAs has been linked to cancer, raising the possibility
of treating tumors by adjusting microRNA levels.

Developing such treatments requires delivering microRNA to tumors, which has proven difficult. However,
researchers from MIT have now shown that by twisting RNA strands into a triple helix and embedding them
in a biocompatible gel, they can not only deliver the strands efficiently but also use them to shrink aggressive
tumors in mice. Using this technique, the researchers dramatically improved cancer survival rates by
simultaneously turning on a tumor-suppressing microRNA and de-activating one that causes cancer. They
believe their approach could also be used for delivering other types of RNA, as well as DNA and other
therapeutic molecules.

“This is a platform that can deliver any gene of interest,” says Natalie Artzi, a research scientist in MIT’s
Institute for Medical Engineering and Science (IMES) and an assistant professor of medicine at Brigham and
Women’s Hospital. “This work demonstrates the promise of local delivery in combating cancer. In particular,
as relates to gene therapy, the triplex structure improves RNA stability, uptake, and transfection efficacy.”

Artzi is the senior author of a paper describing the technique in the Dec. 7 issue of Nature Materials. The
study’s lead author is IMES postdoc Jodo Conde.

Local delivery

The new technique reflects a shift among cancer researchers toward designing more targeted and selective
treatments, Artzi says. “Cancer is perceived as a systemic disease that mandates systemic treatment.
However, in some cases, solid tumors can benefit from a local therapy that may include gene therapy or
chemotherapy,” she says.

To create their new system, the researchers took advantage of a material previously developed by Artzi and
her colleagues, made from two polymers known as dextran and dendrimer, as a tissue glue.

In the new study, Artzi and Conde exploited the ability of dendrimer to form a self-assembled structure with
the microRNAs of interest. First, they wound three strands of microRNA together in a triple helix, creating a



molecule that is much more stable than a single or double RNA strand. These triplexes then bind to
dendrimer molecules, some of which form nanoparticles, and when dextran is added the injectable
formulation gels on top of the solid tumor.

Once placed on the tumor, the gel slowly releases microRNA-dendrimer particles, which are absorbed into
the tumor cells. After the particles enter the cells, enzymes cut each triple helix into three separate microRNA
strands.

MicroRNA alters gene expression by disrupting messenger RNA molecules, which carry DNA’s instructions to
cells’ protein-building machinery. The human genome is believed to encode more than 1,000 microRNAs, and
many of these can cause disease when not working properly.

In this study, the researchers delivered two targeted microRNA sequences, plus a third strand whose only
function is to keep the helix stable. One of the strands mimics the actions of a naturally occurring microRNA
called miR-205, which is frequently silenced in cancer cells. The other blocks a microRNA called miR-221,
which is often overactive in cancer cells.

The researchers tested the microRNA delivery platform in mice implanted with triple-negative breast tumors,
which lack the three most common breast cancer markers: estrogen receptor, progesterone receptor, and
Her2. Such tumors are usually very difficult to treat.

Treating these mice with microRNA delivered as a triple helix was far more effective than standard
chemotherapy treatments, the researchers found. With the triple helix treatment, tumors shrank 90 percent
and the mice survived for up to 75 days, compared with less than a week for other treatments (including
single and double strands of the same microRNAs).

The microRNA combination used in this study appears to work by interfering with cancer cells’ ability to grow
and to stick to other cells, the researchers found.

“This is a great proof of principle,” says Mauro Ferrari, the president and CEO of the Houston Methodist
Research Institute, who was not involved in the study. “In many ways microRNA is the ultimate opportunity
for targeted cancer therapy, but the problem of delivering it has been intractable.”

Identifying targets

Artzi and Conde now plan to look for combinations of microRNA that could combat other types of tumors.
This delivery technique will likely work best with accessible solid tumors, such as breast, colon, and possibly
brain tumors, Artzi says.

This type of microRNA therapy could also be used to prevent tumors from spreading throughout the body.
Several microRNA sequences have already been found to play a role in this process, known as metastasis.

“There are so many microRNAs that are involved in metastasis. It’s really an underexplored field,” Conde
says. The researchers are also looking into using this technique for delivering other types of nucleic acids,
including short interfering RNA for RNA interference and DNA for gene therapy. “We really want to identify
the right targets and use this platform to deliver them in a very effective way,”.



