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ABSTRACT

The DNA damage response (DDR) system is a complicated
network of signaling pathways that detects and repairs
DNA damage or induces apoptosis. Critical regulators of
the DDR network include the DNA damage kinases ataxia
telangiectasia mutated Rad3-related kinase (ATR) and
ataxia-telangiectasia mutated (ATM).

The ATR pathway coordinates processes such as
replication stress response, stabilization of replication
forks, cell cycle arrest, and DNA repair. ATR inhibition
disrupts these functions, causing a reduction of DNA
repair, accumulation of DNA damage, replication fork
collapse, inappropriate mitotic entry, and mitotic
catastrophe. Recent data have shown that the inhibition
of ATR can lead to synthetic lethality in ATM-deficient
malignancies.

In addition, ATR inhibition plays a significant role in the
activation of the immune system by increasing the tumor
mutational burden and neoantigen load as well as by
triggering the accumulation of cytosolic DNA and
subsequently inducing the cGAS-STING pathway and the
type I-IFN response.

Taken together, we review stimulating data showing that
ATR kinase inhibition can alter the DDR network, the
immune system, and their interplay and, therefore,
potentially provide a novel strategy to improve the
efficacy of antitumor therapy, using ATR inhibitors as
monotherapy or in combination with genotoxic drugs
and/or immunomodulators.
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INTRODUCTION

The DNA damage response (DDR) system is a complicated network of
signaling pathways that detects and repairs DNA damage or induces
apoptosis. Critical regulators of the DDR network include the DNA
damage kinases ataxia telangiectasia mutated Rad3-related kinase (ATR)
and ataxia-telangiectasia mutated (ATM).

The ATR pathway coordinates processes such as replication stress
response, stabilization of replication forks, cell cycle arrest, and DNA
repair. ATR inhibition disrupts these functions, causing a reduction of
DNA repair, accumulation of DNA damage, replication fork collapse,
inappropriate mitotic entry, and mitotic catastrophe.

Recent data have shown that the inhibition of ATR can lead to synthetic
lethality in ATM-deficient malignancies. In addition, ATR inhibition plays
a significant role in the activation of the immune system by increasing
the tumor mutational burden and neoantigen load as well as by
triggering the accumulation of cytosolic DNA and subsequently inducing

the cGAS-STING pathway and the type | IFN response.
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Fig 1. Schematic overview of the ATR/ATM pathways
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Fig 2: ATR pathway implication in the anti tumor immunity

Table 1: Clinical trials of Ceralasertib (AZD6738) in patients with solid tumors

METHODS AND MATERIALS

A review was conducted of the PubMed and Google Scholar databases for
retrospective studies at the preclinical and clinical levels.

The objective was to demonstrate the utility of ATR inhibitors in patients
with solid tumors, both as monotherapy and in combination with other

drugs.
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Taken together, data present in this report demonstrate that the
inhibition of the ATR kinase can modify the DNA damage response
network and the immune system.

These results potentially offer a new approach to improving the
effectiveness of anticancer therapy using combinations of an ATR
inhibitor with genotoxic drugs and/or immunomodulators, with
promising early signals of efficacy in lung cancer, melanoma, and gastric
cancer.

Given the limited responses seen with single-agent use of ATR
inhibitors, future clinical trials should focus on further evaluation of
combination strategies and on discovering novel predictive biomarkers

of response.
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