Viruses:

An odd ally in the fight against cancer

At the turn of the previous century, a woman with cervical cancer was bitten by a dog with rabies. Her doctor noticed her tumor shrank. Experiments in the 1920s confirmed viruses can kill tumors in mice. In the 1940s, a handful of patients noticed tumor shrinkage after viral injections. The National Cancer Institute sponsored a trial in 1956 that found half of cervical patients injected with a virus in the study had tumor regression without severe side effects. Doctors in the 1970s and 1980s reported patients’ lymphomas shrank after bouts with the measles.

Virology, unfortunately, was not an exact science. The biologies of cells and viruses were not well understood, and some therapies made patients unpredictably sick. Because radiation and chemotherapy yielded more predictable results, virotherapy, using viruses to fight cancer, fell from grace until a few years ago. Dr. David Curiel was part of a research team at the University of Alabama at Birmingham that laid the

groundwork for renewed interest in virotherapy. According to Curiel, targeting cancer cells with viruses went from an idea to human clinical trials in approximately two years. One research team reengineered a herpes virus to cure mice of glioblastoma, an aggressive form of brain cancer. Dr. Robert Martuza, director of the neuro-oncology center at Massachusetts General Hospital, is leader of the team that took the disease-causing virus and turned it into a disease-curing virus. The polio virus has also been successfully engineered to shrink and eradicate glioblastoma tumors in mice.

Researchers at Saint Louis University have selectively killed cancerous cells in lung tissue and colon tissue with genetically engineered viruses that do not affect healthy cells. “These engineered viruses kill cancer cells through a mechanism ... completely different from chemotherapy or radiation,” said Dr.William Wold, chair of molecular microbiology and immunology at Saint Louis University School of Medicine. “These viruses have the potential to treat many cancers ... resistant to currently available therapeutics. It also may be possible to use these viruses in combination with other therapies to create novel treatment regimens.”

For years, Wold and colleagues have been researching ways to convert the relatively benign adenovirus—that causes cold-like symptoms—into an anticancer drug. Wold’s group has developed a new class of cancer therapy, which includes several adenovirus cancer gene vectors. According to Wold, in preclinical tests the vectors were highly effective against cancerous tumors and did not harm normal tissues. “Some of our vectors are designed to destroy many different types of cancer; others are designed to be more specific to colon or lung cancer,” he said.

With rapidly advancing molecular biology, scientists have pinpoint control over where and when to introduce viruses into cancerous tissues. Genetically engineered viruses choose the cell to invade, sidestep cell defenses, replicate, and kill the cell. According to Robert Weinberg, a biology professor at the Massachusetts Institute of Technology, certain viruses attack only specific cells. Many cancer cells have specific proteins that do not exist in healthy cells. Scientists can engineer viruses to attack only those cancer-specific proteins.

Some researchers are examining ways to engineer viruses that infect cancerous and healthy cells, but remain dormant in healthy tissues until cancer develops. Another area of research is controlling the way viruses multiply. Many viruses destroy the host cell when they replicate, and they do it very efficiently. Dr. Kenneth Tanabe, a viral oncology researcher at the Massachusetts General Cancer Center, heads a team that has engineered a herpes virus to target and kill liver cancer cells. They deleted the gene that creates a chemical the virus needs to reproduce. Cancerous cells produce the chemical. When introduced to the tumor, the virus uses the cancerous cell’s supply of the chemical to replicate and attack the host. Normal cells do not produce enough of the chemical for the virus to use, so the virus does not attack the normal cells.

Virotherapy is a two-edged sword. The major drawback is that it is difficult to maintain a sustained viral attack on cancer. Because the virus invades the body, it triggers an autoimmune response. The virus exposes the tumor as a threat, and the body attacks the cancer. But the immune system also sees the virus as a threat and attacks the virus as well. Once the body assaults the virus, its effectiveness against the cancer diminishes greatly.
Viruses are an intriguing potential cancer therapy, but promising treatments are still years away.
