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Discovery Explains How Cold Sore Virus Hides During its Inactive Phase 

DURHAM, N.C. – Anyone who has suffered through days of a painful, viral cold sore wants a cure. For the first time, scientists at Duke University Medical Center have isolated and gathered key material from a living animal that unlocks the secrets of the inactive herpes simplex virus 1 (HSV1) buried deep in nerve cells. The team’s discovery, published in Nature, is an important step toward developing an effective treatment that could banish the virus, says Bryan R. Cullen, co-author and professor in the Duke Department of Molecular Genetics and Microbiology. 

Ninety percent of humans carry HSV1 all of their lives, which can lead to painful lip sores.  After the initial infection, the virus lives in cells of the trigeminal nerve in a latent, inactive form. Because the virus is hidden, immune cells can’t find the virus and destroy it, Cullen said. 

The scientists worked to answer the question of how HSV1 could hide in nerve cells (neurons) for years and apparently make only one product, an RNA transcript called the latency associated transcript (LAT). 

“It has always been a mystery what this viral LAT RNA does,” Cullen says. “Usually viral RNAs are used to make proteins that are of use to the virus, but this LAT RNA is extremely unstable and does not make any proteins. With this work, we showed that the LAT RNA is processed into smaller strands, called microRNAs, that can turn off production of viral activator proteins “that allow the virus go from latent (inactive) to active replication. 

HSV1 virus that is hiding in nerve cells can be reactivated by stress, such as a fever or sunburn. The HSV1 virions then travel down the nerve to the site of the initial infection and a cold sore erupts, Cullen said.

To switch from latency to active replication, HSV1 has to make viral proteins. Under low stress conditions, the HSV1 microRNAs are made in adequate amounts to bind to any viral messenger RNAs and block protein production, which keeps the virus latent. After a larger stress, however, viral messenger RNAs are made in greater amounts, so the microRNAs can no longer effectively block their activity. This tips the balance so the virus switches to active replication.

Cullen says that his team’s discovery of these HSV1 microRNAs, their ability to recover this viral material from the nerves of mice, and their work to learn what the microRNAs do could provide a new way to attack the HSV1 problem. 

“Inactive virus is completely untouchable by any treatment we have, so unless you activate the virus, you can’t kill it,” Cullen said. Acyclovir is a drug that targets a protein the virus uses late in its replication period, and it effectively kills replicating, but not latent, HSV1. 

A new treatment idea, Cullen said, is to use laboratory-made drugs that are engineered to specifically bind to the viral microRNAs. This keeps the microRNAs from binding to the viral messenger RNAs and keeping the virus hidden. 

As a result of binding the microRNAs artificially, “the virus would become active in all of the infected nerve cells and we could then treat with acyclovir to kill the virus,” Cullen said. “In principle, you could activate – and then kill – all of the virus in a patient. It would completely cure a person and you would never get another cold sore.”

He and the team are working with drug development companies in animal trials to begin to answer questions about how to deliver this drug most effectively. 

Cullen sums up this foundational work:  “We have provided a molecular understanding of how HSV1 is able to set up latency and then switch back and forth between the latent and active phases.” Their work provides a framework for studies of other latent viruses, such as the chicken pox virus, which can return later in life as a case of shingles, and herpes simplex 2 virus, a genitally transmitted virus that also causes sores, Cullen said.
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