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Nanoparticles releasing immunogenic cell death inducers upon near-infrared light

exposure

The success of cancer immunotherapy strongly depends on
the (re)invigoration of cancer immunosurveillance.
Therapeutically relevant anticancer immune responses can be
stimulated by a restricted panel of chemotherapeutics, targeted
agents, oncolytics as well as by radiotherapy, all of which are
activators of defined immunogenic cell stress and cell death
(ICD) circuitries." The spatially defined sequential emission of
danger associated molecular patterns (DAMPs) in the course of
ICD defines the level of adjuvanticity of succumbing malignant
cells and the consequent initiation of T cell-mediated adaptive
immunity. DAMPs emitted in the course of ICD trigger the
attraction, activation and maturation and thus the functional
engagement of antigen presenting dendritic cells (DCs). The
attraction and homing of DCs is driven by the liberation of
adenosine triphosphate (ATP) and annexin Al (ANXA1) by
malignant cells, respectively. Moreover, relocation and subsequent
exposure of calreticulin (CALR) serves as a phagocytic signal for
DCs. CALR exposure, together with the production of type
I interferons and the exodus of high mobility group box 1
(HMGB1), triggers tumor antigen transfer and DC maturation.
In sum, ICD elicits the tumor antigen-specific DC-mediated
priming of cytotoxic T lymphocytes (CTL), resulting in anticancer
immunity, tumor lysis and disease control that finally outlasts
treatment discontinuation.”

The increased expression in certain types of cancer of indo-
leamine 2,3-dioxygenase 1 (IDO1) catalyzes the conversion of
tryptophan to immunosuppressive kynurenine, in turn indu-
cing CTL anergy while increasing the abundancy of regulatory
T cells (Treg) in the tumor microenvironment (TME), alto-
gether impairing antitumor immunity and resulting in disease
progression.” Therapeutic regimens combining immunometa-
bolic regulators such as IDOL1 inhibitors with immunogenic
cell death inducers can synergistically enhance the therapeutic
efficacy of immunotherapy and render tumors responsive to
subsequent immune checkpoint blockade.*

Accumulating preclinical and clinical evidence supports the
idea that locally applied anticancer regimens including cytotox-
icants, radiotherapy, photodynamic therapy and thermal ablation
facilitate the onset of anticancer immunity, in particular when
combined with systemic immune checkpoint blockade.”” In
a recent paper published in Advanced Science, Wang et al
described the development of a near-infrared photo-
immunometabolic cancer therapy (PICT) with programmed
raspberry-structured nanoadjuvants (PRN™").* PRN™"s are self-
assembling structures that consist of the IDOI1 inhibitor
1-methyl-tryptophan (1-MT) and CuSs nanoparticles, together
with a TME-responsive polymeric matrix, that triggers PRN
disintegration and cargo delivery to the site of the tumor.
Inhibition of IDOI together with photothermal therapy (PTT)
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of the tumor by deep tissue penetrating NIR-II irradiation report-
edly triggered the CuSs-mediated induction of ICD, reduced the
growth of subcutaneous murine mammary carcinoma 4T1
tumors and synergized with programmed cell death protein 1
(PD-1) blockade to inhibit the manifestation of pulmonary
metastasis when 4T1 cells were injected intravenously (Figure 1).

Preclinical and clinical studies support the notion that, ICD
inducing therapies can be advantageously combined when
administered sequentially with systemic immune checkpoint
blockade and that such regimens are superior to concomitant
combinations or monotherapies.”'® Tt is thus tempting to
speculate that local inhibition of immunosuppressive circui-
tries together with the PTT-mediated release of ICD-associated
DAMPs by malignant cells will strongly sensitize cancers to
immune checkpoint blockade. Although it remains to be deter-
mined whether the protocol developed by Wang et al.® will be
validated in clinical trials, it appears more and more plausible
that progress in galenic formulations, as well as biophysical
methods facilitating the local activation of immunotherapeu-
tics, will yield successful combination therapies designed to
ignite unrestrained anticancer immune responses.
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Figure 1. Nanoparticles releasing immunometabolism regulators together with
immunogenic cell death inducers render tumors responsive to immune check-
point blockade. Near-infrared photo-immunometabolic cancer therapy (PICT)
employs programmed raspberry-structured nanoadjuvants (PRNT) that facilitate
the tumor-directed deployment of the indoleamine 2,3-dioxygenase 1 (IDO1)
inhibitor 1-methyl-tryptophan (1-MT) and CuSs nanoparticles. Inhibition of IDO1
together with deep tissue penetrating photothermal therapy (PTT) of the tumor
by NIR-Il irradiation triggers the induction of immunogenic cell death (ICD) and
can be advantageously combined with immune checkpoint blockade.
Abbreviations: CTL, cytotoxic T lymphocyte; DAMP, danger associated molecular
pattern; PTT, photothermal therapy; TME, tumor microenvironment.
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