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ABSTRACT

Immunogenic cell death (ICD) involves the release of ATP, which can be destroyed by ectonucleotidases,
converting it into immunosuppressive adenosine. Hence, inhibition of such ectonucleotidases is a strategy
for enhancing ICD-elicited anticancer immunity. In a recent paper in Science Translational Medicine, Mao
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et al. report the construction of reactive oxygen-labile nanoparticles that bear two functionalities, namely
(i) the capacity to sensitize cancer cells to near-infrared light (NIL) irradiation, hence inducing ICD in the
context of photodynamic therapy, and (ii) the peculiarity to respond to NIL by releasing a pharmacological
inhibitor of ectonucleotidases, hence enhancing intratumoral concentrations of ATP. In preclinical models,
these nanoparticles are highly efficient in inducing anticancer immune responses.

The therapeutic outcome of oncological regimen depends on the
onset of anticancer immune responses as they can be stimulated
by radiotherapy, certain targeted drugs, a selected panel of che-
motherapeutics, as well as local oncolytic agents, all of which are
potent activators of immunogenic cell stress and cell death
routines." Immunogenic cell death (ICD) is associated with the
emission of a defined set of danger associated molecular patterns
(DAMPs) by malignant cells that in their correct spatial and
temporal appearance trigger the functional engagement of den-
dritic cells (DCs) and the consequent onset of T cell-mediated
adaptive immunity. DAMPs emitted in the course of ICD include
adenosine triphosphate (ATP) and annexin A1 (ANXA1), which
serve as chemoattractant and homing signal for DCs, respectively.
Calreticulin that translocates from the endoplasmic reticulum
lumen (ER) on to the cytoplasmic membrane guides DC-
mediated phagocytosis, and the exodus of high mobility group
box 1 (HMGBL1) triggers final antigen presenting cell (APC)
maturation. Altogether ICD stimulates DC-mediated tumor anti-
gen cross presentation to cytotoxic T lymphocytes (CTL), result-
ing in anticancer immunogenicity manifesting with interferon y
(IFN y)-mediated tumor lysis and the generation of memory
T cells facilitating disease control beyond treatment
discontinuation.”

The net effect of the chemoattractant ATP on tumor
immune infiltration in response to ICD inducers depends on
multiple factors, including the presence of extracellular ATP-
degrading enzymes such as the sequentially active ectonucleo-
tidases, ectonucleoside triphosphate diphosphohydrolase 1
(ENTPD1, better known as CD39) and 5’-nucleotidase ecto
(NT5E, better known as CD73), which convert ATP into
AMP and AMP into immunosuppressive extracellular

adenosine (ADO), 1'espectively.3’4 Extracellular ADO favors
neovascularization and metastatic dissemination by binding
adenosine A2b receptor (ADORA2B) in the stroma and in
tumor cells. Moreover, the ligation ADORA2B and adenosine
A2a receptor (ADORA2A) by ADO modulates the functions of
multiple immune cells including the inhibition of DC matura-
tion and CTL function. Immunosuppression by extracellular
ADO thus strongly subverts ICD-induced anticancer
immunity.’

An accumulating body of preclinical evidence supports the
notion that local administration of oncolytic regimen, such as
intratumorally applied cytotoxicants, radiofrequency or photo-
thermal ablation, high-intensity focused ultrasonography,
photodynamic therapy, laser therapy, microwave and cryother-
apy, facilitates the emission of ICD associated DAMPs, thus
promoting anticancer immunity in particular when combined
with systemic immunotherapies.>” Recently, the lab of Xin
Ming at the Wake Forest University School of Medicine engi-
neered reactive oxygen species (ROS)-responsive NP700 nano-
particles composed of the boronic acid-containing cationic
polymer poly[(2-acryloyl)ethyl(p-boronic acid benzyl)diethy-
lammonium bromide] (PDEAEA-PBA) and the photosensiti-
zer-containing lipid polymer 1,2-distearoyl-sn-glycero
-3-phosphoethanolamine-N-[amino(polyethylene  glycol)-
2000]-IRDye 700 (DSPE-PEG2000-IR700) that carry the ecto-
nucleotidase inhibitor ARL67156 as payload. Local photody-
namic therapy with near-infrared light (NIL) triggered the
production of ROS, the consequent induction of ICD and the
associated release of DAMPs. In parallel, ROS led to the libera-
tion of ARL67156 from NP700 particles that further enhanced
the immunostimulatory effect of extracellular ATP in vitro.
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Figure 1. Local immunogenic cell death renders tumors responsive to immune checkpoint blockade. Locally applied near-infrared light (NIL) irradiation of NP700
nanoparticles triggers the production of reactive oxygen species (ROS) and the consequent induction of ICD. The concomitant release of the ectonucleotidase inhibitor
ARL67156 payload further increases the ATP-mediated attraction of dendritic cells (DCs) thus eliciting full blown adaptive anticancer immunity with downstream tumor
lysis by cytotoxic T lymphocytes (CTLs) In summary NP700 facilitates the reprogramming of the tumor microenvironment (TME) rendering it immunogenic and thus

responsive to immune checkpoint blockade.

This boosted T cell mediated immune responses translating
into long-term survival in preclinical murine models.
Altogether, NP700 led to a reprogramming of the tumor
microenvironment (TME), rendering it responsive to pro-
grammed cell death protein 1 (PD-1)-targeted systemic
immunotherapy® (Figure 1).

The sequential combination of ICD inducers with systemic
immunotherapy has proven benefit over concomitant combi-
nation or monotherapies in preclinical models as well as in
patients.”'® It is thus tempting to postulate that locally increas-
ing the concentration of ICD-associated DAMPs in the TME
will help to further increase the number of patients that benefit
from immune checkpoint blockade.
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