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Identifying the mechanisms mediating synergistic as well as anti-tumor effect of combination of TLR9
and STING agonists_is important. Because this may aid in development of novel treatment strategies
based on combinatorial use of such adjuvants for cancer immunotherapy.

TLR9 and STING agonists offer therapeutic applications both as antitumor
agents and vaccine adjuvants. Yet, clinically available TLR9 agonist is a weak IFN inducer and STING
agonists induce undesired type 2 immunity, restricting their clinical applications. We previously
showed that TLR9 and STING agonists synergized for induction of innate and adaptive IFNy and became

an advantageous type 1 adjuvant and robust antitumor agent. Here,we further show that local
combination treatment promoted strong long term antitumor immunity in pancreatic cancer model via
the mechanisms involving cooperative action of IL-12 and type 1 IFNs. Mechanistically, combination
synergistically induce IL-12 and type I IFNs in APCs. By focusing on the Thl-inducing cytokine
IL-12, we found that synergistic effect of the combination on IL-12p40 is transcriptionally
regulated and observed on protein,mRNA and promoter activation levels. Thus,our combination may
offer therapeutic applications as a potent Thl-inducer.
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STING is a key molecule required for severa cytosolic nucleic acid-sensing pathways,
such as cyclic guanosine monophosphate-adenosine monophosphate (cGAMP) synthase
(cGAS) pathway, which can detect tumor-derived, microbial or even host DNA, and
produce a secondary signaling molecule, 2’3’ cGAMP that can directly bind to STING
and activate TBK 1-IRF3 axis to induce production of type | IFNSs, therefore acting as an
adjuvant capable of inducing antigen-specific B and T cell responses (Zhang et al., 2013
and Sun et a., 2013). On the other hand, agonists of TLR9 that can detect endosomal
microbial DNA act as type 1 adjuvants (Krieg, 2006). Yet, as type 1 immune responses
and IFNs are advantageous for fighting against intracellular pathogens and tumors,
therapeutic applications of both STING and TLR9 agonists are limited due to induction
of type 2 immunity by the STING agonists and weak IFN induction by the clinically
available TLR9 agonist (Klinman, 2004 and Tang et a., 2013). Thus, by taking the
advantage of combinatorial use of these two adjuvants, our previous study indicated that
synergistic effect of TLR9 and STING agonists for innate as well as adaptive IFNy
induction makes this combination a potent type 1 adjuvant capable of suppressing type 2
immunity in addition to becoming a strong anti-tumor agent when used as a
monotherapeutic agent in explanted tumor models of melanoma and thymoma (Temizoz
et a., 2015). Furthermore, intracel lular mechanisms of action of the combination has been
revealed as summarized in Figure 1.
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According to our findings summarized above, key questions remained to be answered
are:

1- What are the intracellular/molecular mechanisms mediating the synergistic
effect of combination of TLR9 and STING agonists especialy for Thl-/type 1 immunity-
related cytokine induction?

2- What is the breadth of anti-tumor immune responses induced by this
combination?
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the combination?

What are the immunological mechanisms mediating strong anti-tumor effect of

Our preliminary data showed that synergistic effect of TLR9 and STING
agonists for the induction of Thl-inducing cytokinesIL-12 and type | IFN from dendritic
cells(DCs) ismediated viasomeintracel lular mechanisms, which remained to be clarified
requiring the simultaneous activation of TLR9 and STING within the same cells (Fig. 2).
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Fig. 2. Combination of TLR9 and STING agonists
synergistically induce production of Thl-inducing
cytokines IL-12 and type | IFN in DCs via the
mechanisms requiring TLR9 and STING signaling
pathway activation within the same cells. Stimulation of
mixture of TLR9 KO and STING KO DCs significantly
decreases the synergistic effect of the combination

(unpublished).

In vivo, by using a more aggressive and clinically relevant pancreatic cancer
model, we found that our combination also exerts a potent anti-tumor effect in Pan02
peritoneal dissemination model to result in 100% survival rates. More importantly, our
re-challenge studies using these long term survivor mice suggested that combination can
induce anti-tumor memory responses that can protect the mice from a secondary tumor
re-challenge, emphasizing the potency of this combination (Fig. 3).
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by the combination treatment (unpublished).

Pan02-bearing mice with
combination of K3 CpG and
c-di-AMP provided 100%
protection to mice. Moreover
these long term survivors are
aso protected from a
secondary Pan02 re-challenge
suggesting the development
of  protective  anti-tumor
memory responses induced

Aim 1. Elucidation of the molecular mechanisms of synergistic effect of TLR9
and STING agonist combinations on cytokine production (especially Thl-inducing
cytokines, such as IL-12) in innate immune cells.

Aim 2: Identification of the immunological mechanisms mediating in vivo anti-
tumor effects of combination of TLR9 and STING agonists (which will be used as a
monotherapeutic agent without antigen injection) in murine tumor models of pancreatic
cancer with afocus on both the primary and secondary (memory) anti-tumor responses.



Molecular mechanisms of cytokine synergy mediated by the combination of
TLR9 and STING agonistswill beinvestigated by using severa cell lines, including J774
dual reporter cells and RAW264.7 cells stably expressing I1L-12p40 promoter reporter
constructs in order to elucidate the levels of combination-mediated synergy (e.g. at
promoter activation, mMRNA and protein production levels).

Mechanisms of anti-tumor effect of the combination of TLR9 and STING
agonists will be analyzed by using mainly Pan02 peritoneal dissemination model. In
particular, several knockout (KO) mice, such as the mice lacking the genes for 1L-12p40
and type | IFN receptor, will be used. In addition, several depletion or adoptive transfer
of the specific cell types will be performed in tumor-bearing mice for identification of the
cell types involved in the mechanisms mediating both primary and secondary (memory
phase) anti-tumor effects of the combination. Also specificity of the memory responses
will be evaluated by re-challenging the survivor mice with irrelevant tumorslike B16 F10
or EG-7. Moreover, several injection routes and schedules will be tested for
optimizing/maximizing the anti-tumor effect of the combination in Pan02 peritoneal
dissemination model.

TLR9 and STING agonists offer therapeutic applications both as anti-tumor
agents and vaccine adjuvants. Yet, clinically available TLR9 agonist is a weak IFN
inducer and STING agonists induce undesired type 2 immunity, restricting their clinical
applications. Our previous study, taking the advantage of combinatorial use of these
adjuvants, showed that TLR9 and STING agonists synergized for induction of innate and
adaptive IFNy and became an advantageous type 1 adjuvant, suppressing type 2 immunity,
in addition to exerting robust anti-tumor activities when used as a monotherapeutic agent
for cancer immunotherapy. Here, we further show that local combination treatment
promoted strong anti-tumor immunity in aclinically relevant murine tumor model viathe
mechanisms involving co-operative action of certain cytokines. Moreover, rechallenge
studies in the long term survivors suggested the elicitation of tumor-specific memory
responses that provide protection against secondary tumor challenge. Mechanistically, we
found that combination of TLR9 and STING agonists synergistically induce certain
cytokines, which are important for the antitumor effect of the combination, from APCs.
By focusing on that certain Thl-inducing cytokine, we found that synergistic effect of the
TLR9 and STING agonists on that cytokine are observed on protein, mMRNA and promoter
activation levels and the synergy is transcriptionally regulated by a region upstream of
that certain cytokine. Thus, elucidation of the mechanisms mediating synergistic anti-
tumor activities of TLR9 and STING agonists may open new doors for the devel opment
of combinatorial intervention strategies for immunotherapy of cancer.
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