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Development of small molecule STING agonists that can evoke
host anti-cancer immune defences following local or systemic
delivery
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Background
STING is a ubiquitously expressed innate immune sensor which is es-
sential for the production of host defence-related proteins including
type I interferons and proinflammatory cytokines that promote the
recruitment and effector activity of innate and adaptive immune cells
[1]. Targeted activation of STING and the associated release of type I
interferons can enhance the sensitivity of antigen presenting cells to
neoantigens and promote their ability to prime T cell-based anti-
cancer immune responses [1,2]. This can lead to the establishment of
T cell inflamed tumor microenvironments that are more susceptible
to the anti-tumor effects of checkpoint blockade therapy [3]. The
Cancer Therapeutics CRC (CTx) is developing direct small molecule
STING agonists that can be administered systemically as an adjunct
to immune checkpoint antibody therapy.
Methods
A phenotypic screen was run using an IRF3-luciferase reporter cell
line looking for activation of Type I Interferon genes when screened
against CTx small molecule libraries. Validated hits were deconvo-
luted by STING SPR to confirm direct STING binding. A mature medi-
cinal chemistry program is underway with an established screening
cascade including in vitro target engagement and primary cell func-
tional assays, structural biology, in vivo PK/PD, and efficacy assays to
determine mechanism(s) of action and demonstrate therapeutic
index.
Results
CTx has developed potent drug-like small molecule STING agonist
compounds that show direct STING binding. Cellular activity is
dependent upon STING (inactive in STING-/- cells), independent
of cGAS (active in cGAS-/- cells), and can be blocked by TBK1 in-
hibitors. Compounds show activity in primary mouse and human
cells across a range of STING variants. Dose-dependent in vivo
PD biomarker responses, including increased plasma IFN-β levels,
were seen when administered intravenously (I.V) or intratumorally
(I.T). In vivo, single agent efficacy of CTx STING agonists has been
tested in multiple syngeneic mouse models of solid cancer. Treat-
ment via I.T or I.V administration was well tolerated and evoked
therapeutically beneficial immune-mediated anti-tumor responses.
Successful induction of immunological memory, in response to
STING agonist treatment was demonstrated in tumor-rechallenge
experiments. In less responsive models, where intermediate effi-
cacy was observed, increased tumor growth control could be
achieved by co-treating mice with our STING agonist and anti-
PD-1 antibody therapy.

Conclusions
CTx has a mature STING agonist program that has successfully pro-
duced direct STING activators that can promote primary DC function
and elicit immune-mediated anti-tumor responses in mouse models
of solid cancer.
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Background
Previous work from our laboratory has shown that tumors activate
the STING pathway in antigen-presenting cells. STING signaling leads
to IFN-β production which is required for T cell priming through den-
dritic cells. While the best defined transcription factor for IFN-β gene
expression is IRF3, other transcriptional regulators also contribute, in-
cluding NF-κB. Enhancing STING activation and downstream IFN-β
production has therapeutic potential, and STING agonists are cur-
rently being evaluated in clinical trials. However, innate immune acti-
vation in response to a pathogen rarely occurs by activating only
one signaling pathway, and targeting multiple pathways may lead to
more robust activation. Activating multiple innate immune pathways
similar to a natural infection could improve the therapeutic efficacy
of STING agonists.
Methods
In vitro experiments were performed using macrophages and bone
marrow-derived dendritic cells stimulated with the STING agonist
DMXAA alone or in combination with several TLR agonists. Cells were
subjected to several downstream analyses, including qPCR, Western
blotting, and immunofluorescent imaging to visualize transcription
factor localization.
Results
Each innate immune agonist was titrated to identify the dose in-
ducing maximal IFN-β expression. DMXAA induced greater peak
IFN-β expression than any individual TLR agonist. After testing
several combinations, we found that LPS + DMXAA induced sig-
nificantly greater IFN-β transcription than the sum of either agon-
ist alone. To explain this synergy, we assayed each step of STING
pathway signaling. Initial activation leads to STING aggregation,
and LPS did not increase STING aggregation beyond that induced
by DMXAA. Additionally, LPS did not increase IRF3 phosphoryl-
ation nor IRF3 nuclear translocation in combination with DMXAA.
Rather, LPS increased the phosphorylation and nuclear transloca-
tion of the NF-κB subunit p65. These results suggest that the syn-
ergy in IFN-β production is achieved through IRF3 activation
downstream of STING signaling and NF-κB activation downstream
of TLR4 signaling. Additional mechanistic experiments are
ongoing.
Conclusions
TLR activation by LPS synergized with STING signaling to augment
IFN-β production beyond the level of either agonist alone. Mechanis-
tically, STING pathway activation preferentially signals through IRF3
whereas TLR4 pathway activation preferentially signals through NF-
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