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Chimeric antigen receptor (CAR)-T cell therapy
can be highly effective in treating different types
of blood cancer, but unfortunately, it does not
work for all patients. Dr Sangya Agarwal worked
in Dr Carl H June's laboratory at the University

of Pennsylvania to improve the efficacy of CAR

T cell therapy to maximise the success of this

personalised cancer treatment for the benefit of a

greater number of patients.
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Lymphocytes and Cancer

T and B lymphocytes (T cells and B cells) are found in large
quantities in our blood, playing a vital role in the fight against
infection. More specifically, B cells produce proteins known

as antibodies, often found in lymph nodes or other lymphoid
tissues, including the spleen. When this process goes wrong,
the usually helpful B lymphocytes can multiply uncontrollably,
resulting in a form of blood cancer known as lymphoma

or leukaemia. Taken together, blood cancers (including
leukaemia, lymphoma, and myeloma) account for about 10%
of all diagnosed cancers in the USA each year. While T cell
lymphoma does exist, it is a much rarer form of cancer than B
cell malignancies.

For patients with B cell malignancies (cancer cells with the
potential to spread), a novel approach known as chimeric
antigen receptor (CAR)-T cell therapy can be highly effective.
This involves extracting some of the patient’s own T cells and
genetically engineering them to recognise a specific protein
on the cancer cells and eliminate those cancer cells before
being returned to the patient’s bloodstream. Reprogramming
the patient’'s immune system in this way is a highly innovative
but complex advance in personalised cancer treatment.

Unfortunately, not all patients respond to CAR T cell therapy
as hoped. Dr Sangya Agarwal (currently at Stanford University
in the USA) worked in Dr Carl June’s lab and his team at the
University of Pennsylvania to better understand why this
usually highly effective treatment fails for some patients.

Overcoming T Cell Dysfunction with CRISPR

Dr Agarwal explains that the lack of response to CAR T

cell therapy is most likely due to T cell dysfunction. This
dysfunction can occur in the absence of specific external
influences but also as the result of a variety of disease,
treatment, and patient-related factors. For example, after
multiple rounds of chemotherapy, T cells are often reduced in
quality, giving scientists much less to work with.

CRISPR (short for clustered regularly interspaced short
palindromic repeats) is a relatively new and highly precise
gene editing tool. CRISPR-associated nuclease 9 (Cas9) is

an enzyme used in the CRISPR system, and researchers can
use this to disrupt and modify specific genes in an approach
known as CRISPR Cas9 technology.

These capabilities offer tremendous potential in modern
medicine. Dr Agarwal and her colleagues saw that editing
T cells had the potential to not only improve the safety of
CART cell therapies but also increase their efficacy. In 2021,
they published a detailed protocol for editing T cells and
generating CART cells.

Application to Pre-clinical Models of
Blood Cancer

Following the publication of their protocol, Dr Agarwal and
her colleagues tested their published gene editing approach
in pre-clinical (mouse) models of leukaemia and myeloma.
Cytotoxic T-lymphocyte associated protein 4 (CTLA4) inhibits
T cell functions, thus playing an important role in regulating
the immune system response. Programmed cell death
protein1 (PDCD]) is found on T cells and B cells and also works



Despite the remarkable success

of CD19-directed CART cell

therapy, some patients with B cell
malignancies fail to achieve durable
responses. The disruption of CTLA-4
presents a promising new strategy to
reinvigorate dysfunctional leukaemia
patient T cells, thereby increasing the
efficacy of CART cell therapies.
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to regulate the immune system’s response. Given the roles
played by CTLA4 and PDCD], Dr Agarwal and her colleagues
were keen to test whether deleting both or either, using
CRISPR Cas9 technology, could improve the success of

CART therapy.

The findings were extremely promising. First, an in vitro
(laboratory) stress test using isolated T cells subjected to
chronic antigen exposure to mimic the real-world tumour
environment demonstrated improved CAR T cell proliferation
and anti-tumour efficacy — but only when CTLA4 had been
deleted, but not when PDCDI1 or the combination of CTLA4 and
PDCDI had been deleted. Second, the same benefits were
found when using in vivo (living) mouse models. In terms of
mechanisms, Dr Agarwal and her colleagues explain that
the experimentally induced CTLA4-deficiency facilitated
enhanced CD28 signalling, a process that is essential for T
cell survival and the maintenance of CAR expression on the T
cell surface, is imperative when faced with high antigen load
in their experiments.

From Pre-clinical Models to Patients

Even more exciting results were in the pipeline for Dr Agarwal
and her colleagues. When they tested the deletion of CTLA4 in
patients’ T cells with leukaemia for whom previous CAR T cell
therapy had been unsuccessful. Critically, their confirmation
that selective deletion of CTLA4 reinvigorates patient T cells
provides a strategy for improving patient response to CAR T
cell therapy.

Placing the Findings in Context

Dr Agarwal and her colleagues note that their findings
present some challenges in the context of the broader
literature. For example, dual checkpoint blockade (ie.,
blockade of PDCD1 and CTLA4 together) in other studies has
shown superior effects compared to the blockade of CTLA4
alone. They also note that the benefits of selectively deleting
PDCDI and/or CTLA4 in CAR T cell therapy are likely to be
context-dependent, meaning that further research is required
to better understand the circumstances in which their
approach will work — and when it won't.

Dr Agarwal concludes, ‘Despite the remarkable success

of CD19-directed CAR T cell therapy, some patients with B

cell malignancies fail to achieve durable responses. The
disruption of CTLA-4 presents a promising new strategy to
reinvigorate dysfunctional leukaemia patients’ T cells, thereby
increasing the efficacy of CAR T cell therapies. These exciting
results from Dr Agarwal and her colleagues offer a much-
needed beacon of hope in the ongoing battle against cancer.
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