
 

Discovery of how colorectal cancer drug
works will help more patients
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From left: Edward C. Stites and Thomas McFall. Credit: Salk Institute

Colorectal cancer is a common lethal disease, and treatment decisions
are increasingly influenced by which genes are mutated within each
patient. Some patients with a certain gene mutation benefit from a
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chemotherapy drug called cetuximab, although the mechanism of how
this drug worked was unknown.

Salk scientists have combined computational biology with experimental
investigations to discover, for the first time, the mechanism for why
these patients respond to cetuximab, which will help doctors identify
more effective, targeted treatment plans for people diagnosed with
colorectal cancer. The findings were published in Science Signaling on
September 24, 2019, and demonstrate the power of blending
computational and experimental approaches as well as how foundational
scientific research can translate to an immediate impact for patients.

"This study has direct clinical implications because now doctors can start
prescribing this effective drug to colorectal cancer patients with this
mutation immediately," says Edward Stites, senior author of the paper
and an assistant professor in the Integrative Biology Laboratory. "The
work also highlights the necessity of mathematical models based on
fundamental biochemistry as a tool for understanding the behaviors of
biological networks that are relevant to disease."

Approximately 40 percent of patients with colorectal cancer have a
mutated KRAS gene in cells in their tumors. Most KRAS mutants cause
the patient not to benefit from cetuximab. Patients with the KRAS
G13D mutation are exceptions and have appeared to respond to
cetuximab, but the mechanism of action has not been apparent so this
drug is not commonly used on these patients. Doctors are hesitant to
prescribe a drug without a known mechanism due to possible interaction
with other medications or unforeseen side effects.

"Our goal was to elucidate a mechanism for why tumors that harbor
KRAS G13D mutations are sensitive to cetuximab," says Thomas
McFall, first author on the paper and a postdoctoral fellow in the Stites
lab. "Understanding this mechanism will aid doctors in receiving
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insurance support for prescribing cetuximab, which could benefit
upwards of 10,000 colorectal cancer patients per year."

To understand why KRAS G13D tumors responded to cetuximab, the
researchers first used computational models to simulate complex
reactions and tease out biochemical differences between healthy and
mutant genes based on the biochemical understanding of each process
and previous clinical trial data. This told them where to look in their
laboratory tests to identify and quantify the molecular mechanism that
explains why KRAS G13D patients respond differently. The researchers
replicated their findings across three genetically distinct cell lines to
demonstrate the reliability of the results.

In a cell with no KRAS mutations, a known tumor suppressor called
neurofibromin keeps healthy KRAS proteins well-behaved. But most
KRAS mutations are overly active and cannot be controlled by
neurofibromin. When mutated KRAS is present, neurofibromin attempts
to control the mutant KRAS at the expense of controlling the healthy
KRAS. So why is the KRAS G13D mutation any different? Why does it
respond to Cetuximab? The scientists discovered that even though
KRAS G13D is overly active, it is doing so without neurofibromin being
aware. Thus, neurofibromin can still keep the healthy KRAS under
control. Additionally, the researchers demonstrated that cetuximab will
only work to suppress tumors as long as there is neurofibromin available
to suppress the activity of healthy KRAS.

"This work demonstrates the power of computational systems biology
approaches to address problems in personalized medicine," says Stites.
"Doctors could sequence the gene to find out if the patient has this
KRAS G13D variant, and if they do, then doctors could confidently
prescribe cetuximab. That's important, because it will give many cancer
patients a new treatment option."
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Next, the authors plan to examine the mechanisms of more KRAS gene
mutation variants that do not bind to neurofibromin, as patients with
these variants may also benefit from taking cetuximab.

  More information: "A systems mechanism for KRAS mutant
allele–specific responses to targeted therapy," Science Signaling (2019). 
stke.sciencemag.org/lookup/doi … 26/scisignal.aaw8288
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