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Background The functional state of infiltrating lymphocytes is
a critical determinant of antitumor immunity and immunother-
apy response. Key factors responsible for driving T cell dys-
function are metabolic barriers such as nutrient competition,
low oxygen tension and damaging byproducts, like reactive
oxygen species (ROS). ROS are critical contributors to T cell
dysfunction observed during aging as well as in the tumor
microenvironment. While we have shown ROS accumulation
drives T cell exhaustion in part by altering signaling, ROS can
affect other cellular functions further contributing to T cell
dysfunction. One of the main downstream consequences
observed with ROS accumulation is DNA damage, in particu-
lar telomeric DNA. However, little is known on whether telo-
meric shortening vs damage and the associated response
affects T cell fate and function.
Methods We performed telomeric analyses of endogenous
tumor-infiltrating T cells. In vitro, direct induction of oxidative
stress in mitochondria or telomeres was performed using a
photosensitizer approach employing fluorogen-activating pep-
tide (FAP)1 targeted to the mitochondria (COXVIII-FAP) or to
the telomeric shelterin protein TRF1, which produces singlet
oxygen and 8-oxoguanine specifically in the mitochondria or
at the telomeres.2 Our lab generated mouse models to express
this telomeric-FAP (Rosa26-LSL-TRF1-FAP) or mitochondrial-
FAP (Rosa26-LSL-COXVIII-FAP) specifically in T cells
(Cd4Cre).
Results Telomere analysis of tumor-infiltrating exhausted
(PD1hiTim3+) vs non-exhausted (PD1int) cells revealed
exhausted T cells do not have shorter telomeres (like senescent
T cells), but rather damaged telomeres. Using a photosensitizer
strategy to specifically induce oxidative damage to the mito-
chondria, we recapitulated our previous work in vitro, result-
ing in ROS cascades, severe T cell dysfunction, and damage to
telomeres. We next directly assessed the role of telomere oxi-
dative damage using a telomeric-targeted photosensitizer,
showing oxidative damage to telomeres promotes a persistent
T cell dysfunction, resulting in sustained Tim3 and PD1
expression and severely decreased functions. However, oxida-
tive damage to telomeric DNA alone does not induce all of
the features of T cell exhaustion, suggesting that telomere
damage is a crucial piece, but not fully sufficient to drive T
cell dysfunction.
Conclusions Our data support a model where oxidative stress
originating in the mitochondria alters cellular biology in part
by damaging telomeric DNA. While this activity does not
shorten telomeres, it induces stress responses sufficient to devi-
ate differentiation into a dysfunctional phenotype. While telo-
meric damage alone does not fully recapitulate exhaustion, it
nevertheless remains a crucial part of the dysfunctional pheno-
type in tumor infiltrating lymphocytes.
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