
 

New research: Immune cells that fight cancer
become exhausted within hours of first
encountering tumors
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This microscopy image shows a cytotoxic T cell (blue) attacking a cancer cell
(green) by releasing toxic chemicals (red). Credit: Alex Ritter and Jennifer
Lippincott Schwartz and Gillian Griffiths/National Institutes of Health via Flickr
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A key function of our immune system is to detect and eliminate foreign
pathogens such as bacteria and viruses. Immune cells like T cells do this
by distinguishing between different types of proteins within cells, which
allows them to detect the presence of infection or disease.

A type of T cell called cytotoxic T cells can recognize the mutated
proteins on cancer cells and should therefore be able to kill them.
However, in most patients, cancer cells grow unchecked despite the
presence of T cells.

The current explanation scientists have as to why T cells fail to eliminate
cancer cells is because they become "exhausted." The idea is that T cells
initially function well when they first face off against cancer cells, but
gradually lose their ability to kill the cancer cells after repeated
encounters.

Cancer immunotherapies such as immune checkpoint inhibitors and
CAR-T cell therapy have shown remarkable promise by inducing long-
lasting remission in some patients with otherwise incurable cancers.
However, these therapies often fail to induce long-term responses in
most patients, and T cell exhaustion is a major culprit.

We are researchers who study ways to harness the immune system to
treat cancer. Scientists like us have been working to determine the
mechanisms controlling how well T cells function against tumors. In our
newly published research, we found that T cells become exhausted
within hours after encountering cancer cells.

Timing T cell exhaustion

By the time most patients are diagnosed with cancer, their immune
system has been interacting with developing cancer cells for months to
years. We wanted to go back earlier in time to figure out what happens
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when T cells first encounter tumor cells.

To do this, we used mice genetically engineered to develop liver cancers
as they age, similarly to how liver cancers develop in people. We
introduced trackable cytotoxic T cells that specifically recognize liver
cancer cells to analyze the T cells' function and monitor which of the 
genes are activated or turned off over time.

We also used these same trackable T cells to study their response in mice
infected with the bacteria Listeria. In these mice, we found that the T
cells were highly functional and eliminated infected cells. By comparing
the differences between dysfunctional T cells from tumors and highly
functional T cells from infected mice, we can home in on the genes that
code for critical proteins that T cells use to regulate their function.

In our previous work, we found that T cells become dysfunctional with
dramatically altered genetic structure within five days of encountering
cancer cells in mice. We had originally decided to focus on the very
earliest time points after T cells encounter cancer cells in mice with liver
cancer or metastatic melanoma because we thought there would be fewer
genetic changes. That would have allowed us to identify the earliest and
most critical regulators of T cell dysfunction.

Instead, we found multiple surprising hallmarks of T cell dysfunction
within six to 12 hours after they encountered cancer cells, including
thousands of changes in genetic structure and gene expression.

We analyzed the different regulatory genes and pathways in T cells
encountering cancer cells compared to those of T cells encountering
infected cells. We found that genes associated with inflammation were
highly activated in T cells interacting with infected cells but not in T
cells interacting with cancer cells.
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Next, we looked at how the initial early changes to the genetic structure
of T cells evolved over time. We found that very early DNA changes
were stabilized and reinforced with continued exposure to cancer cells,
effectively "imprinting" dysfunctional gene expression patterns in the T
cells. This meant that when the T cells were removed from the tumors
after five days and transferred to tumor-free mice, they still remained
dysfunctional.

Boosting T cell killing

Altogether, our research suggests that T cells in tumors are not
necessarily working hard and getting exhausted. Rather, they are blocked
right from the start. This is because the negative signals cancer cells send
out to their surrounding environment induce T cell dysfunction, and a
lack of positive signals like inflammation results in a failure to kick T
cells into high gear.

Our team is now exploring strategies to stimulate inflammatory pathways
in T cells encountering cancer cells to make them function as though
they are encountering an infection. Our hope is that this will help T cells
kill their cancer targets more effectively.

  More information: Michael W. Rudloff et al, Hallmarks of CD8+ T
cell dysfunction are established within hours of tumor antigen encounter
before cell division, Nature Immunology (2023). DOI:
10.1038/s41590-023-01578-y

This article is republished from The Conversation under a Creative
Commons license. Read the original article.
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