
Harnessing T-Cell “Stemness” Could
Enhance Cancer Immunotherapy
The findings suggest that increasing T cells’ exposure to potassium may make cancer
immunotherapies more effective.
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A new study led by scientists in the Center for Cancer Research (CCR) at the National Cancer
Institute (NCI) sheds light on one way tumors may continue to grow despite the presence of
cancer-killing immune cells. The findings, published March 29, 2019, in Science, suggest a way to
enhance the effectiveness of immunotherapies for cancer treatment. NCI is part of the National
Institutes of Health.

Dying cancer cells release the chemical potassium, which can reach high levels in some tumors.
The research team reported that elevated potassium causes T cells to maintain a stem-cell-like
quality, or “stemness,” that is closely tied to their ability to eliminate cancer during
immunotherapy. The findings suggest that increasing T cells’ exposure to potassium—or
mimicking the effects of high potassium—could make cancer immunotherapies more effective.

“This study helps us better understand why cancer immunotherapy works the way it does,” said
Nicholas Restifo, MD, of NCI’s CCR, who led the research team. “It could also point the way toward
generating better and more long-lasting responses to these treatments.”

Immunotherapy has led to remarkable results for some patients’ cancers, eradicating difficult-to-
treat tumors and, in some cases, causing complete remission of disease. But many patients’
tumors do not respond to immunotherapy treatments, and researchers are working to determine
why this is.

In addition, some immunotherapy treatments, such as CAR T cells and immune checkpoint
inhibitors, are limited by the life span of T cells. Cancer-fighting T cells inside the tumor can get
“exhausted” and die. Therefore, researchers are exploring ways to help T cells used for
immunotherapy not only last longer but replicate and grow.

Restifo and his team previously established that high levels of potassium inside tumors released
by dying cancer cells can shut off cancer-killing T cells that have invaded the tumor. In the new
study, the researchers showed that growing T cells under conditions of high potassium also
preserves the “stemness” of the T cells. This means that, in the tumor, the stem-cell-like T cells
have the ability to replicate themselves, but they aren’t able to mature into killer immune cells. By
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keeping T cells in this state, the tumors can avoid attack and continue to grow. This could explain
how a cancer could grow despite the presence of T cells that would seemingly be able to fight the
cancer.

However, when the stem-cell-like T cells are removed from the tumor, grown to large numbers in
the lab, and then returned to the patient—as they are in a primary immunotherapy strategy called
adoptive cell transfer—the stem-cell-like T cells can mature into killer cells that can attack the
tumor. The preserved stemness of T cells—that is, their ability to self-renew indefinitely and
respond to stimulation to become cancer-fighting cells—may be what allows adoptive cell transfer
therapy to be successful, Restifo explained.

The researchers next explored preserving T cells’ stemness with high potassium levels for
therapeutic use. They found that T cells grown in the presence of extra potassium and
transplanted into mice shrank primary and metastatic melanoma tumors better than T cells grown
in normal levels of potassium. They also found that, when exposed to a high concentration of
potassium, both T cells isolated from patient tumors as well as genetically engineered anticancer T
cells had higher levels of markers associated with continued growth and improved immunotherapy
outcomes.

Finally, the research team demonstrated that when they used specific drugs to mimic potassium’s
effects on T cells in mice, this improved the T cells’ ability to continue to grow and eliminate
tumors. This means that such a drug could potentially be used to induce stemness in T cells as a
strategy to enhance cancer immunotherapies.

Restifo said that the next step will be clinical trials “to use this knowledge to make better
treatments,” but he is also excited about what the findings add to our current understanding of
immunotherapy.

“What we’ve done is, we’re harnessing the stemness capacity of T cells to treat cancer,” he said.
“For us, it’s huge. It explains how some immunotherapies work and suggests how we can improve
them.”

This announcement was originally published on the National Cancer Institute website.
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