
 

Anti-cancer virus fits tumor receptor like a
'key in a lock'
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A cryo-EM map of the receptor decorated capsid in which a single protomer was
replaced with the atomic model. Seneca Valley Virus capsid proteins are shown
in blue, green, and red, and the ANTXR1 receptor is shown in magenta. Credit:
OIST and University of Otago

Seneca Valley virus sounds like the last bug you'd want to catch, but it
could be the next breakthrough cancer therapy. Now, scientists at the
Okinawa Institute of Science and Technology (OIST) and the University
of Otago have described exactly how the virus interacts with
tumors—and why it leaves healthy tissues alone.

The study, published in the Proceedings of the National Academy of
Sciences on October 29, 2018, provides the first detailed images of how
the complex Seneca Valley virus forms with its preferred receptor. The
researchers used cryo-electron microscopy to capture images of over
7000 particles and rendered the structure in high resolution. They predict
their results will help scientists develop the virus, and other viral drug
candidates, for clinical use.

"If you have a virus that targets cancer cells and nothing else, that's the
ultimate cancer fighting tool," said Prof. Matthias Wolf, principal
investigator of the Molecular Cryo-Electron Microscopy Unit at OIST
and co-senior author of the study. "I expect this study will lead to efforts
to design viruses for cancer therapy."

Targeting two-thirds of human cancers

In the past few years, so-called "virotherapy" has grown as a new branch
of cancer immunotherapy. Anticancer viruses tend to target tumors
while sparing the healthy cells around them, and many already exist in
nature. Scientists hunt down these cancer killers, study their attack
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strategies, and optimize their effectiveness through genetic modification.
The U.S. Food and Drug Administration has already approved one viral
therapy to treat Stage IV melanoma, and other viral drug candidates
appear promising in clinical trials.

Seneca Valley virus stands out as a potential virotherapy for one key
reason—it selectively targets a receptor found coating tumor cells in
over 60 percent of human cancers. The receptor, known as ANTXR1, is
only expressed on tumors, but it has a cousin that only appears on
healthy tissues, called ANTXR2. Seneca Valley virus doesn't bind with
the similar receptor on healthy cells—it only shows strong affinity for
ANTXR1. The study's authors wanted to know why.

"The differences between the two receptors are subtle, but nonetheless,
these subtle differences make one bind the virus with high affinity while
the other doesn't," said Wolf. The researchers found that the outer shell
of the Seneca Valley virus locks tightly onto specific structural features
of ANTXR1—features that aren't conserved in ANTXR2. "The
components must fit together like a key in a lock—this is a highly
evolved system where everything fits perfectly."

Designing an optimal cancer therapy

Seneca Valley virus has already demonstrated its cancer-fighting abilities
in Phase I clinical trials in pediatric solid tumors and Phase II trials in
small-cell lung cancers. But there's one problem: The body builds up
immunity to the virus within three weeks and squashes the bug before its
work is done.

"If you give a virus as a vaccine, you want an immune response—there,
the goal is the destruction of the virus," said Wolf. "In this case, you
want the opposite. You want the virus to evade the immune system,
continue to replicate and kill the cancer cells."
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"By looking at this structure, we can learn what part of the virus is
essential for binding to the receptor and which is not," said Prof. Mihnea
Bostina, the academic director of the Otago Centre for Electron
Microscopy at the University of Otago and co-senior author of the study.
"If we want to make the virus 'better,' we can try to change the non-
essential parts in order to escape the action of the immune system while
leaving the essential part intact."

With deeper understanding of how the virus works, scientists may be
able to outsmart the body's immune system and protect their mighty
cancer-killer. In principle, Seneca Valley virus could also be modified to
recognize different receptors, Wolf said, rendering it a broadly
applicable weapon in the fight against cancer.

"I have always been intrigued by ways how we can make use of naturally
occurring microorganisms for our benefit," said Nadishka Jayawardena,
a graduate student at the University of Otago and first author of the
study. "Being able to work on a virus that can kill cancers is very
rewarding, especially knowing that one day our findings could
potentially lead to tackling a major global health issue."

  More information: Nadishka Jayawardena el al., "Structural basis for
Anthrax Toxin Receptor 1 recognition by Seneca Valley Virus," PNAS
(2018). www.pnas.org/cgi/doi/10.1073/pnas.1810664115
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