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Cellular senescence is implicated as a
contributing factor in the pathology of
several age-related disorders and cancer
development. Therefore, targeted removal
of senescent cells has emerged as a promising
treatment strategy for these conditions.
However, current senolytic strategies that
selectively eliminate senescent cells are
limited by their toxicity and lack of potency.
A recent study reported on the use of
chimeric antigen receptor (CAR) T cell ther-
apy as a novel senolytic approach and
demonstrated improved cancer outcome
and reversal of senescence-associated pathol-
ogies in animal models. Here, we aim to
discuss the opportunities and limitations of
translating such a therapeutic strategy into
the clinic.

Cellular senescence is an intrinsic stress
response commonly characterized by stable
cell-cycle arrest and the acquisition of a
senescence-associated secretory phenotype
(SASP)."* Senescence can have both benefi-
cial and detrimental effects. It serves as a
cell-intrinsic tumor-suppressive mechanism
that prevents the uncontrolled expansion of
pre-cancerous cells,” which are subsequently
cleared by the immune system.” It can, how-
ever, promote chronic inflammation and has
been shown to contribute to several tissue
damage pathologies and chronic disorders."
Senescent cells have, thus, become therapeu-
tic targets to alleviate age-related diseases
and as part of some cancer treatment strate-
gies.”® Removal of these cells from damaged
tissues in mice has been shown to mitigate
symptoms of these diseases and to provide
health and lifespan benefits. Previous studies
also suggest that the combination of senes-
cence induction and drugs that eliminate
senescent cells (“senolytics”) can improve
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outcomes in certain cancer
Existing senolytic candidates
mainly consist of repurposed cancer thera-
peutics targeting apoptosis resistance path-
ways that are upregulated in senescent cells
such as navitoclax (BCL-XL/BCL-2 inhibi-
tor), or the combination of dasatinib (pan-
tyrosine kinase inhibitor), and quercetin
(antioxidant flavonoid).” These drugs have
shown evidence of senescent cell clearance

treatment

models.®™°

in different pathologies. However, these
compounds can target a broad spectrum
of biological pathways in multiple tissues,
thereby increasing the potential for adverse
events, such as neutropenia and thrombocy-
topenia in the case of navitoclax treatment,
making it difficult to delineate the underly-
ing mechanism of any potential therapeutic
effect.

As such, the need for therapeutic approaches
that selectively, efficiently, and safely target
senescent cells has advanced the develop-
ment of new treatment modalities for age-
related diseases and cancers. Recently,
Amor et al.'' demonstrated that a CAR
T cell-based approach could augment im-
mune responses against senescent cells, lead-
ing to improvements in treatment outcomes
of cancer and senescence-associated pathol-
ogies in animal models.

CARs are a class of synthetic receptors that
reprogram T cell specificity, function, and
metabolism to augment their cytolytic ca-
pacity against cancer or other diseases."”
The adoptive transfer of T cells engineered
to express CARs has yielded considerable ef-
ficacy in patients with hematological B cell
malignancies, resulting in the authorization
of three CD19-directed CAR therapies: Yes-
carta and Tecartus from Kite Pharma/Gilead
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and Kymriah from Novartis.'> Nevertheless,
the use of CAR T cells against solid tumors
still faces several challenges, such as the
risk of on-target off-tumor toxicities owing
to the paucity of tumor-specific antigens,
antigen heterogeneity, the development of
tumor resistance in the form of antigen
escape, poor T cell infiltration and persis-
tence, and the immunosuppressive tumor
microenvironment."?

Directing CAR T cells against senescent
cells unites two emerging research areas:
cellular senescence and therapeutic T cell en-
gineering. Therapy-induced senescence and
its associated SASP can counteract tumor
progression and might favorably alter the tu-
mor microenvironment. This could facilitate
trafficking and infiltration of adoptively trans-
ferred T cells and enhance CAR T cell activity,
resulting in improved clearance of senescent
tumor cells (Figure 1). Additionally, the clear-
ance of persistent senescent cancer cells with
CAR T cells might prevent SASP-related
chronic inflammation and pro-tumorigenic
effects that can arise from the accumulation
of senescent cells. Amor et al.'' demonstrated
the potential of senolytic CAR T cells in mice
with lung adenocarcinoma that received a
senescence-inducing combination of drugs.
CAR T cell administration led to increased
infiltration and enhanced activation of trans-
ferred T cells and was associated with a reduc-
tion of senescent tumor cells and improved
overall survival.

Beyond cancer, senolytic CAR T cells
also have the potential to provide thera-
peutic benefit in the treatment of diseases
related to chronic inflammation, such as
liver fibrosis (Figure 1). Amor et al."! further
showed therapeutic benefits in a mouse
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Figure 1. Senolytic CAR T Cells in Age-Related Pathologies and Solid Tumors

(A) Age-related pathologies and (B) solid malignant tumors. Senolytic CAR T cells migrate to the areas of
senescence and infiltrate the senescent tissues. The binding of the CAR to the target antigen expressed on
senescent cells (e.g., UPAR) triggers an intracellular signaling cascade that elicits T cell activation, proliferation,
and effector functions, resulting in the lysis of senescent cells. Elimination of senescent cells may subsequently

restore tissue homeostasis and function.

model of non-alcoholic steatohepatitis
(NASH), a condition for which the incidence
is increasing and effective therapeutic
options are currently lacking. The uroki-
nase-type plasminogen activator receptor
(uPAR) was used as the first target for seno-
lytic CAR T cells owing to its broad upregu-
lation in senescent cells in different disease
models and its concurrent absence in many
vital tissues.'* uPAR regulates extracellular
matrix proteolysis by binding its ligand

urokinase-type plasminogen activator and
activates intracellular signaling pathways
through its interaction with other trans-
membrane receptors. The soluble form of
uPAR, which is secreted upon ligand bind-
ing, has previously been described as a
SASP component and as a serum biomarker
for senescence-related pathologies, such as
chronic kidney disease and diabetes.'> These
findings identify uPAR as a senescence-asso-
ciated marker and as a promising target for
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CAR therapy. However, it will require more
in-depth analysis to determine if the low
expression on the bronchial epithelium and
a subset of immune cells may hinder thera-
peutic efficacy and safety, particularly in hu-
man settings.

Existing senolytic approaches have mainly
focused on limiting the proinflammatory
impact (e.g., through inhibitors of SASP com-
ponents) or on senolytic drugs that block pro-
survival pathways to induce cell death.’
Adapting T cell immunotherapy for senolysis,
therefore, represents an attractive addition to
the current senolytic treatment landscape.
However, the success of this approach in clin-
ical trials will depend on the elucidation of a
myriad of factors, such as:

(1) the number of senescent cells amenable
to CAR T cell therapy upon senescence
induction;

(2) the reduction in senescent cell numbers
required to produce therapeutic benefit
without interfering with the beneficial
aspects of senescence;

(3) the characterization of senescent cell
populations and SASP composition in
different disease models to further
inform target selection and guide
improved CAR designs;

(4) differences in CAR designs and their
impact on efficacy and safety profiles of
senolytic CAR T cells;

(5) the synergistic effects of combined treat-
ment approaches (pro-senescent and
anti-senescent);

(6) whether inhibitory SASP factors and re-
cruited myeloid cells could augment
immunosuppressive effects against CAR
T cells and impair their therapeutic ef-
fects; and

(7) whether senescence-associated target
antigens are also upregulated on the sur-
face of senescent T cells,'® which could
further improve therapeutic efficacy by
CAR-mediated elimination of a suppres-
sive and dysfunctional T cell subset with
pro-tumorigenic potential.

In terms of potential safety concerns, Amor
et al.'* showed that the application of uPAR-
specific senolytic CAR T cells at effective doses
was safe in different in vivo disease models.
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However, the administration of suprathera-
peutic T cell dosages elicited transient toxic-
ities, similar to cytokine release syndrome
(CRS). CRS has been observed as a severe
side effect of current CAR T cell therapies in
cancer, and macrophage involvement plays a
crucial role in its pathogenesis.'” uPAR is ex-
pressed on a subset of monocytes and macro-
phages, which may contribute to the observed
development of CRS-like syndromes at high
CAR T cell doses. Further biological and
mechanistic studies will be required to deter-
mine the safety profile of senolytic CAR
T cells and to investigate potential therapeutic
strategies to mitigate toxicities.

Short-lived effector CAR T cells, such as
CD28z-based CARs, are known to induce
high efficacy but relatively short persistence
compared to CARs incorporating BBz
signaling domains. Hence, they are likely to
provide potent senolytic activity while
reducing interference with beneficial func-
tions of senescence. Nevertheless, favorable
CAR designs and beneficial T cell properties
might differ between age-related pathologies
and cancer settings, and further efforts
should be directed at developing CAR
constructs tailored to senescence and treat-
ment specific conditions. Systemic surface
profiling of senescent cells might indicate
alternative or additional targets for senolytic
CAR T cells that could be exploited for
combinatorial targeting approaches to mini-
mize toxicities and improve efficacy. These
efforts would also benefit from the design
of suitable preclinical models to test the
toxicity of senolytic CAR T cells.

In summary, the observed efficacy of seno-
lytic CAR T cells in different disease models
suggests a therapeutic potential that could
overcome obstacles of current senolytic
agents and may open new treatment avenues
for a variety of chronic diseases and cancers.
However, a lot of work remains to be done
to translate these prospects into clinical
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therapy. Clinical studies should further
address differences between young and old
patients, as senolytics are likely to have
different effects on the aging immune system
and organism. Most importantly, assessment
of the crucial role of cellular senescence in
the pathophysiology of disease as well as a
better understanding of short- and long-
term consequences of senescent cell elimina-
tion will guide the selection of suitable dis-
ease and treatment settings, time points,
dosing, and frequency of CAR T cell admin-
istration. Continuing progress in T cell engi-
neering and synthetic biology will provide
options to optimize CAR T cell designs for
senescence-specific conditions, which could
advance cancer and aging research and offer
more effective therapies for these disorders
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