‘Remote Control’ of Immune Cells Opens Door to Safer, More Precise Cancer Therapies
By Pete Farley on September 24, 2015

New Method Regulates When, and How Strongly, Cancer-Killing Therapeutic T Cells Are Activated
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Killer T cells (green and red) surrounding a cancer cell. Image by Alex Ritter, Jennifer Lippincott Schwartz, Gillian Griffiths/National Institutes of Health
UC San Francisco researchers have engineered a molecular “on switch” that allows tight control over the actions of T cells, immune system cells that have shown great potential as therapies for cancer. The innovation lays the groundwork for sharply reducing severe, sometimes deadly side effects that have been a significant hurdle to advancing T cell-based treatments.
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Wendell Lim, PhD
“Right now we put engineered T cells into patients and just hope for the best,” saidWendell Lim, PhD, professor and chair of UCSF’s Department of Cellular and Molecular Pharmacology, and senior author of a new paper on the work. “This is the first of a series of ‘control knobs’ our lab is trying to create so doctors might have additional command over these cells once they’re inside the body.”
Over the past two decades, scientists pursuing cell therapy, one branch of the burgeoning field of cancer immunotherapy, have been refining cell-surface sensors known as chimeric antigen receptors, or CARs. Once inserted into T cells, CARs prompt these cells to home in on particular proteins found primarily in tumors, where they launch a series of cancer-killing immune responses.
Dangers of CAR T Cell Therapy
CAR-equipped T cells have proven to be remarkably successful in the treatment of various forms of chemotherapy-resistant leukemia. But CAR T cell therapy can cause side effects so serious that they may require monitoring in an Intensive Care Unit – several patients have died after receiving CAR T cells or other forms of engineered T cells.
“T cells are really powerful beasts,” said Lim. “And they can be lethal when they’re activated. We’ve needed a remote control system that retains the power of these engineered T cells, but allows us to communicate specifically with them and manage them while they’re in the body.”
Some scientists have grappled with these problems by developing “suicide switches” that kill off CAR T cells if side effects become too dangerous, “but that’s like shooting your own soldiers in the back,” Lim said, “and it requires completely aborting a complex and expensive treatment.”
Remote-Controlled Cancer Cell Killing
As reported in the September 24 issue of Science Express, the UCSF team, led by first author Chia-Yung Wu, PhD, a postdoctoral fellow in Lim’s laboratory, took the opposite approach, creating a new type of CAR T cell that is “off” by default.
Like conventional CAR T cells, these newly developed T cells will navigate toward and interact with cancer cells, but will not launch any immune assault unless a specially designed drug has been administered. This controller drug forms a chemical bridge between components inside the CAR T cells, flipping the cells into an active, “on” status. When the drug is no longer present, the T cells revert to an “off” position.
Watch engineered T cells, activated by a controller drug, attack cells expressing a protein called CD19, whcih is characteristic of cancer cells. Video by Lim lab/UCSF
The power of the new system is vividly illustrated in videos taken by the researchers through microscopes. In a laboratory dish containing cells expressing a protein called CD19, which is characteristic of cancer cells, the newly engineered T cells are seen to move quickly toward those cells, but “like a trained dog,” in Lim’s words, “they hold onto the cell, and don’t do anything else.” Once the controller drug is added to the dish, however, the CD19-expressing cells are killed off, one by one, by the T cells.
Similar results were seen when leukemia cells were implanted into mice. These cancer cells were powerfully and selectively eliminated by the Lim group’s new CAR T cells, but only after the controller drug had been administered.
Controlling Through Drug Dosage
The drug-based remote control system devised by Lim and colleagues does more than merely switch CAR T cells between “on” and “off” states. It can also act like a rheostat: the dosage of the drug precisely regulates the level of the T cells’ immune activity. These combined control capabilities could be employed to manage the various side effects of CAR T therapy.
For CAR T cell treatments, T cells are removed from a patient’s blood, genetically engineered to carry CARs that target the patient’s tumor, then reinserted into the bloodstream to exert their effects. Once inside the body, in addition to attacking tumors directly, CAR T cells, like all T cells, release signaling molecules called cytokines, some of which recruit additional T cells to fight the tumor.
Sometimes normal cells express small amounts of a cancer-associated protein targeted by a CAR T cell. Because CAR T cells placed in the bloodstream pass immediately through the heart and lungs, these tissues can be damaged before the CAR T cells reach their intended target elsewhere in the body. The control offered by the Lim laboratory’s new cells would allow physicians to leave CAR T cells inactivated until the heart and lungs are less vulnerable to these “first pass” side effects.
Even when CAR T cells attack only their correct target cancer cells, side effects can still occur. In tumor lysis syndrome, the body is overwhelmed by toxic substances released when many tumor cells die in rapid succession. Another side effect, known as a “cytokine storm,” is a life-threatening vicious cycle in which released cytokines summon numerous T cells to the tumor, then these newly arrived T cells release their own cytokines, and so on. By “dialing in” the level of immune response using appropriate dosages of the controller drug, doctors may be able to precisely manage these side effects to meet individual patients’ needs.
Proof of Principle
Lim stressed that the work reported in the new paper should be considered a proof of principle – while useful for experiments, the current controller drug the UCSF team used has too short a half-life to be clinically useful – but he believes that the research provides the foundation for practical remote control of CAR T cells on the near horizon. In addition to drug control of CAR T “on” switches, members of his laboratory are exploring other techniques to accomplish this goal, such as controlling CAR T cell activation with light.
While successful against blood cancers such as leukemia, CAR T cells have so far shown less efficacy against solid tumors that effect the colon, breast, prostrate, brain and other tissues. The remote control strategy developed by Lim’s group may permit researchers to develop more powerful versions of CAR T cells that could attack these solid tumors, while still keeping side effects in check.
Members of the Lim laboratory are also working to reduce side effects by introducing multiple CARs into T cells, so that the cells will respond to multiple characteristics that are distinctive to an individual patient’s tumor, rather than to just a single protein that may also be found on normal cells.
Other scientists taking part in the study were co-corresponding author James Onuffer, PhD, formerly associate director of the Cell Propulsion Lab, a joint UCSF/UC Berkeley research center devoted to cell engineering, now an independent consultant; Kole T. Roybal, PhD, a postdoctoral fellow in the Lim laboratory; and Elias M. Puchner, PhD, a UCSF former postdoctoral fellow who is now assistant professor in the School of Physics and Astronomy at the University of Minnesota. The research was supported by the National Institutes of Health and the Howard Hughes Medical Institute.
“That we can engineer CAR T cells to have slightly different, quite powerful effects – even if for a subset of patients or for certain types of cancer – is really remarkable,” Lim said. “And this is just the tip of the iceberg.”
UC San Francisco (UCSF) is a leading university dedicated to promoting health worldwide through advanced biomedical research, graduate-level education in the life sciences and health professions, and excellence in patient care. It includes top-ranked graduate schools of dentistry, medicine, nursing and pharmacy, a graduate division with nationally renowned programs in basic, biomedical, translational and population sciences, as well as a preeminent biomedical research enterprise and two top-ranked hospitals, UCSF Medical Center and UCSF Benioff Children’s Hospital San Francisco.
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