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Editorial on the Research Topic

Targeting DNA damage response to enhance antitumor innate immunity
in radiotherapy

Radiotherapy is a mainstay of cancer treatment that is used to treat approximately half
of all cancers (1) with cure rates second only to surgery. The efficacy of radiotherapy has
been largely attributed to the direct killing of tumor cells. Yet, recent research efforts
highlighted considerable indirect effects of radiation on the tumor microenvironment
(TME), especially the immune compartment, with clinical implications. This active field of
research has revealed a complex relationship between radiation and the local/systemic
immune system, yielding both immunostimulatory and immunosuppressive effects.
Mechanistically, radiation creates a pro-immunogenic environment through the direct
release of damage associated molecular patterns (DAMPs) during immunogenic cell death
(2). Cells that survive after radiation modulate the immune system by: 1) intracellular
sensing of DAMPs by innate immunity sensors such as cGAS/STING and RIG-I-like
receptors followed by production of type 1 interferons, and 2) tumor-associated antigen
cross-presentation (3-5). However, these initial immunostimulatory effects are often
counterbalanced by immunosuppression. For instance, intracellularly, autophagy and
mitophagy contribute to the clearance of immunostimulatory DAMPs (6). In the TME,
longer-term immunosuppressive effects are driven by tumor-associated macrophages and
myeloid-derived suppressor cells (7, 8). In addition, immune cell repopulation can occur
post radiation as the irradiated tissue is driven towards a wound-healing
microenvironment (9). Thus, a complex balance of several factors determines whether
radiation induces a suppressed or stimulated immune environment. Current efforts are
focused on understanding how the interaction between radiation and immunity
plays out in the TME, with the goal of designing interventions to promote an
immunostimulatory environment.

01 frontiersin.org


https://www.frontiersin.org/articles/10.3389/fonc.2023.1257622/full
https://www.frontiersin.org/articles/10.3389/fonc.2023.1257622/full
https://www.frontiersin.org/articles/10.3389/fonc.2023.1257622/full
https://www.frontiersin.org/research-topics/29999
https://www.frontiersin.org/research-topics/29999
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fonc.2023.1257622&domain=pdf&date_stamp=2023-07-25
mailto:Marco.Tigano@jefferson.edu
mailto:Rachel.evans2@astrazeneca.com
mailto:mmccrack@med.umich.edu
mailto:qiangz@med.umich.edu
https://doi.org/10.3389/fonc.2023.1257622
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://doi.org/10.3389/fonc.2023.1257622
https://www.frontiersin.org/journals/oncology

Valvo et al.

Shifting the balance toward the immune stimulatory effects of
radiation, requires an in-depth knowledge of the biological effects of
radiation on the tumor innate immune response and on the
different immune cellular compartments. Furthermore, the
contribution of tumor specific characteristics, like tumor type and
stage, needs also to be considered. In this special edition, Beach et al.
review the differential effects of radiation on macrophage
populations in the TME. Tumor associated macrophages can be
polarized by radiation into anti-inflammatory/pro-tumorigenic
macrophages or pro-inflammatory/anti-tumorigenic macrophages
depending on the context (Beach et al.). This exemplifies the dual
potential of a single immune cell population within the TME to
either promote or eradicate tumor cells, depending on factors
including radiation dose, the immune profile of the TME, and the
tumor type. Further insight regarding the interplay between the
tumor and immune response to radiation is described by Gehre
et al. Specifically, the authors demonstrate that radioresistant triple
negative breast cancer cells upregulate multiple immune checkpoint
molecules on their surface compared to radiosensitive cells upon
radiation (Gehre et al.). Whether or not radiation leads to immune
stimulation is dependent on a combination of factors including
tumor intrinsic properties and the broader immune landscape.

Beyond the direct interactions of radiation with tumor cells and
intratumoral immune cells, radiation may also have beneficial
effects on peripheral immune cells leading to an adaptive immune
response. Craig et al. comprehensively review the abscopal effect, a
phenomenon whereby radiotherapy efficacy is extended beyond the
tumor in the radiation field to tumor(s) outside of the radiation field
by engaging a systemic/adaptive immune response. The presence of
an abscopal effect has important implications in the context of
metastatic and recurrent disease. Although abscopal responses
remain rare in clinical settings, there is growing interest in
investigating strategies to enhance the presence and consistency
of abscopal responses. For instance, a recent study suggested
blocking CD47/SIRPo. axis increases radiation-induced
phagocytosis and immune priming, leading to enhanced
systematic tumor control (10, 11).

Therapeutic strategies that enhance anti-tumoral immune
responses to radiotherapy such as those targeting the DNA
damage and replication stress responses as well as immune
checkpoints are currently an intense area of investigation with
potential to further improve patient outcomes to radiotherapy.
Daley et al. and Jungles et al. provide comprehensive reviews on
the biological rationale and current clinical investigation of
combining radiation with other treatment modalities in Ewing
sarcoma and breast cancer, respectively. For example, several
clinical trials are underway to evaluate the combination of PARP
inhibitors, radiotherapy, and immunotherapy in breast cancer
patients with or without BRCA deleterious mutations.

Inhibitors of the DNA damage response (DDR) are effective
radiation sensitizers targeting multiple protective pathways, such as
cell cycle checkpoints and DNA repair, that have recently emerged
as promising strategies for sensitizing to immunotherapy (12, 13).
Combining DDR inhibitors with radiation is an active area of both
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pre-clinical and clinical research reviewed by Carlsen and El-Deiry
and Chan Wah Hak et al. The ability of DDR inhibitors to enhance
radiation-induced immune effects including increased type 1
interferon production and immune cell infiltration is highlighted
(Chan Wah Hak et al.). Interestingly, inhibition of different DDR
targets enhances radiation efficacy with varying magnitudes by
synergizing with different pathways of innate immune signaling
(14-17). In this Research Topic, Mariampilla et al. describe how
ATR inhibition following radiation enhances interferon signaling
mediated by cGAS signaling in human lung cancer and
osteosarcoma cells. Additional radiosensitizers, including those
which target the replication stress response, are being investigated
clinically and are reviewed in Zhang et al. Based on the capacity for
DDR inhibitors to enhance the immune effects caused by radiation,
it is conceivable that these combinations may further sensitize
tumor cells to immunotherapy.

Future investigation into the foundational mechanisms behind
radiation-induced immune modulation, as well as the synergies with
existing treatment modalities, might provide a rationale for
leveraging combinatorial strategies in clinical settings aimed at
enhancing radiation-induced immune stimulation and sensitization
of tumors to immunotherapy. While these concepts are thoroughly
covered in the Research Topic, additional work should focus on
determining the differential properties of each treatment, alone or in
combination, to reveal which settings provide the best clinical
outcomes while minimizing toxicity that could arise in the presence
of excess systemic inflammation. This will provide clinicians with
needed information to accurately match patients with the most
effective treatment to ultimately improve the prognosis of the >18
million of new cancer patients diagnosed each year.
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