
 

Leukemia patients with certain gene
regulation patterns may be less likely to
respond to CAR T therapy
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Acute myelocytic leukemia (AML). Credit: Unsplash/CC0 Public Domain

Acute lymphoblastic leukemia (ALL) cells from patients whose cancers
did not respond to CD19-targeted CAR T therapy had gene regulation
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signatures that could potentially facilitate treatment resistance, according
to results presented at the AACR Annual Meeting 2022, held April 8-13.

"We identified a signature of nonresponse that is present and detectable
prior to treatment," said Katherine Masih, an NIH-Cambridge scholar in
the Genetics Branch at the National Cancer Institute, who presented the
study.

"The data support that these leukemias are relatively plastic and exhibit
multi-lineage potential, similar to stem cells, which we suspect allows
them to more rapidly adapt to the evolutionary pressures of CD19 CAR
T cells," she added.

CAR T-cell therapy is a type of immunotherapy in which immune cells
called T cells are harvested from a patient, reprogrammed to target 
cancer cells, and infused back into the patient to fight the cancer. A
common CAR T-cell target is the receptor CD19; however, cancer cells
can mutate CD19 or suppress its expression to develop CAR T
resistance. While CD19 expression is currently one of the few
biomarkers of potential CAR T response, not all patients who develop
resistance lose CD19 expression.

"Our study is one of the few studies looking at CD19-independent
sources of primary nonresponse to CAR T therapy," said Javed Khan,
MD, senior author of the study and deputy chief of the Genetics Branch
at the National Cancer Institute, explaining that some cells are
intrinsically predisposed to treatment resistance. "The main purpose was
to identify pre-existing, leukemia-intrinsic mechanisms of resistance."

The researchers acquired pretreatment bone marrow samples from the
PLAT-02 clinical trial, performed at Seattle Children's Hospital in
collaboration with Rebecca Gardner, MD and Rimas Orentas, Ph.D..
The samples were collected from seven patients who experienced a
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complete remission following CD19-targeted CAR T therapy and seven
patients who did not have a response, defined by continued evidence of
circulating leukemia cells 63 days post-treatment. They comprehensively
characterized the leukemia cells using several cell profiling methods,
such as whole-exome sequencing, RNA sequencing of the bulk cell
population, single-cell RNA sequencing, array-based methylation
analysis, and ATAC-seq, an assay that locates regions of accessible
chromatin that frequently indicate increased gene expression.

The researchers identified three notable features that differentiated the
gene regulatory mechanisms of CAR T-resistant leukemia cells from
CAR T-responsive leukemia cells. One was a pattern of DNA
methylation—a regulatory mark that decreases gene
expression—associated with a stem cell-like phenotype.

"We observed hypermethylation around genes known to be repressed in
embryonic cells and cancer stem cells," Masih said.

Masih and colleagues observed similar results when they examined the
DNA accessibility profiles of the leukemia cells. The regions of open
chromatin characteristic of CAR T-cell resistant leukemia were
associated with stem cell proliferation and resembled patterns found in
hematopoietic progenitor cells, including hematopoietic stem cells and
progenitors of myeloid cells, a different class of blood cells associated
with acute myeloid leukemia (AML).

Khan said that a switch from a lymphoid to a myeloid lineage has been
observed as a mechanism of resistance to CD19-CAR T therapy.
"Interestingly, we saw subpopulations of cells expressing both lymphoid
and myeloid markers, indicating that the epigenomes of some
nonresponsive leukemias may contain a hybrid population of cells with a
hybrid of ALL and AML epigenomes," Khan said. "Our data suggest
that these leukemias, characterized by both lymphoid and myeloid-
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specific accessible regions, are likely less differentiated than responsive
leukemias."

The researchers also identified decreased expression of genes involved
in antigen presentation and processing, pathways that are crucial for
mounting an immune response, in cells that did not respond to CAR T
therapy. Decreased antigen presentation could indicate that, even if
leukemia cells continue to express CD19, they may not effectively
process additional immune targets.

"Our next steps would be to recapitulate this clinical phenomenon in a
mouse model, using different subpopulations of leukemia cells, and then
examine if we can overcome this primary resistance with combinatorial
or alternative therapies," Masih said.

"This study allowed us to not only identify potential clinical biomarkers,
but to test the logistical feasibility of using these profiling approaches to
impact patient care," Khan added. "We hope that one day, screening for
this phenotype could allow clinicians to identify patients whose
leukemias are unlikely to respond prior to therapy and provide
alternative therapies to improve outcomes for these patients."

Limitations of this study include a small sample size.

  More information: Conference:
www.aacr.org/meeting/aacr-annual-meeting-2022/ 

Trial: clinicaltrials.gov/ct2/show/NCT02028455
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