1duosnue Joyiny 1duosnuep Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Author manuscript
Trends Immunol. Author manuscript; available in PMC 2016 April O1.

-, HHS Public Access
«

Published in final edited form as:
Trends Immunol. 2015 April ; 36(4): 250-256. doi:10.1016/j.it.2015.02.003.

The STING pathway and the T cell-inflamed tumor
microenvironment

Seng-Ryong Wool, Leticia Corralesl, and Thomas F. Gajewskil:2

1Department of Pathology, Section of Hematology/Oncology, The University of Chicago, Chicago,
IL

2Department of Medicine, Section of Hematology/Oncology, The University of Chicago, Chicago,
IL

Abstract

A major subset of patients with advanced solid tumors shows a spontaneous T cell-inflamed tumor
microenvironment, which has prognostic import and is associated with clinical response to
immunotherapies. As such, understanding the mechanisms governing the generation of
spontaneous T cell responses in only a subset of patients is critical for advancing
immunotherapeutic approaches further. Here, we discuss characteristics of T cell-inflamed versus
non-inflamed tumors, including a type | IFN signature associated with T cell priming against
tumor antigens. We review recent findings that have pointed towards the STING pathway of
cytosolic DNA sensing as an important innate immune sensing mechanism driving type | IFN
production in the tumor context. Knowledge of this pathway is guiding the further development of
novel immunotherapeutic strategies.

Introduction

The molecular identification of tumor antigens has transformed the field of tumor
immunology and cancer immunotherapy. While many initial antigens were defined that
were shared between patients, such as those encoded by MAGE family genes [1], more
recent work has revealed unique antigens that arise from point mutations in normal genes
generated during the genomic instability that is part of the process of carcinogenesis [2-5].
Whole exome sequencing of human cancers of various histologies has revealed that many
tumors, especially those induced by carcinogens such as UV light or tobacco, contain
hundreds or even thousands of non-synonymous mutations [6]. Therefore, the current
thinking is that most tumors express some level of antigens that could theoretically be
recognized by T cells of the immune system. Knowledge of these antigens combined with
high-throughput genomics technologies has provided tools for analyzing patient tumor,
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blood, and lymphoid tissues for antigen-specific T cell populations and features of the host
anti-tumor immune response, either spontaneous or in response to therapeutic interventions.
Much of this work has culminated with the notion that features of the tumor
microenvironment are critical determinants of patient outcome. Therefore, an expanded
effort in studying the immune phenotype of the tumor microenvironment has emerged.

In early stage colorectal cancer, the presence of activated CD8* T cells within the tumor and
in the peri-tumoral stroma has been shown to have significant positive prognostic import
[7-9]. A subset of patients with other solid tumor histologies also appears to have a
spontaneous T cell infiltrate that may have similar positive prognostic value. This includes
breast cancer, renal cell carcinoma, melanoma, ovarian cancer, and gastrointestinal stromal
tumors (GIST) [10-14]. A presumption is that a component of this T cell infiltrate includes
tumor antigen-specific T cells that have been activated spontaneously in response to the
growing tumor, perhaps through immune surveillance mechanisms [15]. This attempted host
immune response, even if it does not eliminate the tumor completely, is thought to delay
tumor progression and thus yield improved clinical outcome.

The fact that a subset of patients appears to generate a spontaneous anti-tumor immune
response while another major subset does not has generated several important biologic
questions that have implications for further refinement of cancer immunotherapies. One
central mystery has been identifying the innate immune mechanisms that give rise to a
spontaneous adaptive T cell response against tumor antigens in the absence of exogenous
infection. Clues have been gleaned from human cancer gene expression profiling studies
revealing an association between a type | IFN signature, T cell infiltration, and clinical
outcome. This has allowed focus on innate immune sensing pathways known to trigger type
I IFN production that might represent critical intermediate mechanistic steps. Before
discussing these pathways in detail, the T cell-inflamed tumor microenvironment will be put
into context of our current understanding of the therapeutic efficacy of contemporary cancer
immunotherapy approaches.

The T cell-inflamed versus non-T cell-inflamed tumor microenvironment in

metastatic disease

The motivation for analyzing the tumor microenvironment in metastatic melanoma was
initially derived from the hypothesis that resistance mechanisms downstream from T cell
priming following vaccination against tumor antigens might be dominant and enable tumor
escape [16,17]. To explore this question in patients, baseline biopsies of melanoma
metastases were evaluated by gene expression profiling. It became clear that two major
subsets of tumor microenvironment could be identified that were largely characterized by
the presence or absence of a transcriptional profile indicative of a pre-existing T cell
infiltrate. The T cell-inflamed subset of tumors was dominated by T cell markers and
chemokines that likely mediate effector T cell recruitment [18-20]. Immunohistochemistry
confirmed the presence of CD8* T cells, macrophages, as well as some B cells and plasma
cells in these lesions [18]. This T cell-inflamed subset of melanoma metastases is
remarkably similar to the phenotype described in early stage colon cancer and other tumors
in which activated T cells have been associated with favorable prognosis [7-9]. In several
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small studies of HLA-A2* patients, CD8* T cells specific for melanoma differentiation
antigens were identified from tumor sites using peptide-HLA-A2 tetramer analysis [21-23].
Therefore, at least a subset of T cells specific for tumor antigens is present among these
infiltrates. In fact, this is arguably the starting point for adoptive T cell approaches utilizing
tumor-infiltrating lymphocytes (TIL), which has meaningful clinical activity in metastatic
patients [24]. However, functional analysis has indicated various degrees of dysfunction of
these tumor antigen-specific T cells when analyzed directly ex vivo [21-23]. Together, these
results suggest that the reason for tumor progression despite the presence of specific
adaptive immunity in this subset of patients is likely secondary to immune suppressive
mechanisms acting at the level of the tumor microenvironment. Interestingly, in some cases
the presence of memory virus-specific CD8" T cells also has been observed in these T cell-
inflamed melanomas. However, their function seems to be intact [21,25], and these probably
represent non-specifically recruited activated T cells migrating along chemokine gradients
but not participating in tumor recognition. These observations suggest that at least a
component of T cell dysfunction in the tumor microenvironment is antigen-specific and
restricted to tumor-reactive T cells.

The T cell-inflamed subset of tumors was therefore probed for candidate immune-inhibitory
mechanisms that might contribute to T cell dysfunction in situ. Gene expression profiling
data revealed the presence of transcripts encoding indoleamine-2,3-dioxygenase (IDO) in
these tumors, a factor that had already been demonstrated to contribute to peripheral
tolerance [26]. Interrogation for additional candidates revealed that these tumors additionally
expressed PD-L1 and Foxp3 transcripts [27,28]. Quantitative analysis of individual tumors
revealed that the expression level of each of these three transcripts was significantly
correlated, and that the degree of expression was also associated with T cell markers. IHC
confirmed that PD-L1 and IDO protein expression, and also nuclear Foxp3*CD4* cells,
were found within T cell-inflamed tumors in the same region as CD8" T cells. However,
non-T cell-inflamed melanomas generally lacked these factors. These observations
suggested that these immune suppressive mechanisms might not be a property of the tumor
cells themselves but rather immune-intrinsic negative feedback processes that follow the
recruitment of activated CD8* T cells. Indeed, mouse mechanistic studies confirmed that
CD8* T cells were required for the upregulation of all of these three factors within the tumor
microenvironment. For PD-L1 and IDO induction, the requisite factor produced by the
CDS8™ T cells was IFN-y. For FoxP3* Tregs, production of the chemokine CCL22 was
identified, which mediated Treg recruitment into tumor sites [28]. Using laser capture
microdissection, a correlation between IFN-y production by TILs and local PD-L1
expression also was observed by Taube and colleagues in human tumors [29], supporting the
notion that infiltrating T cells become activated by specific antigen and consequently
produce IFN-y and upregulate PD-L1 expression. The fact that these immune evasion
mechanisms are part of the host response implies that targeting these pathways
therapeutically should have an increased likelihood of efficacy because they are less
dependent on tumor cell properties and the associated mutability that can frequently lead to
therapeutic resistance.

In contrast to the rich set of immune genes expressed in the T cell-inflamed tumor
microenvironment phenotype, the non-T cell-inflamed tumors lacked this broad signature. In
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particular, there is a lack of T cell markers and of chemokines that can mediate T cell
recruitment [18]. These tumors still contain macrophages and vascular endothelial cells, and
work from others has indicated the presence of fibroblasts and extracellular matrix, and in
some cases immature dendritic cells [30-34]}. It is not yet certain whether tumors that lack
spontaneous T cell infiltration are defective only at the level of initial T cell priming against
tumor antigens or whether there are additional mechanisms that exclude activated T cells
from migrating into the tumor microenvironment, but is seems plausible that both processes
may be operational.

Baseline T cell infiltration and therapeutic efficacy of checkpoint blockade

The original hypothesis in the context of melanoma vaccine studies was that the patients
showing clinical benefit might have low expression of immune inhibitory mechanisms in the
tumor microenvironment whereas the resistant patients might show the highest expression.
However, the opposite pattern was paradoxically observed. A baseline T cell-inflamed
tumor microenvironment (that includes the presence of PD-L1, IDO, and Treg cells) was
positively associated with clinical benefit from these vaccines [19,20,35-37]. Thus, the
ability of a melanoma tumor microenvironment to support chemokine production and to
recruit activated T cells appears to be instrumental for clinical benefit when it does occur.
Viewed from another perspective, the presence of a smoldering immune response that is
held in check by negative regulation provides at least a minimal host immune response that
can be manipulated to restore an immunologic advantage through therapeutic intervention.
Still, not all patients with the T cell-inflamed tumor microenvironment phenotype respond to
vaccines, arguing that the defined immune suppressive mechanisms still constitute a
functional barrier in many of those cases.

Similar to results obtained with vaccine trials, a baseline T cell-inflamed tumor
microenvironment phenotype has been reported to be associated with clinical response to the
anti-CTLA-4 mAb ipilimumab [38]. This includes a positive correlation between Foxp3 and
IDO expression and clinical benefit [39], which initially seemed paradoxical as mentioned
above. However, these data support the notion that these immune suppressive factors are
markers of ongoing inflammation and are indicative of the capability of activated T cells to
home into tumor sites. The early analyses of patients treated with anti-PD-1 mAb indicated
that clinical responses were preferentially seen in patients with high baseline expression of
PD-L1 within the tumor microenvironment [29,40], which as mentioned above is indicative
of local T cell infiltration and IFN-y production. More recently, clinical response with anti-
PD-1 in melanoma was found more directly to be associated with pre-existing T cell
infiltrates in the region of PD-L1 upregulation [41]. Following anti-PD-1 administration,
these CD8* T cells seemed to proliferate and expand to penetrate throughout the tumor,
which was correlated with tumor regression [41]. Consistent with these clinical
observations, mouse model data have indicated that tumor regression upon checkpoint
blockade was almost completely mediated by re-activation of CD8* T cells directly within
the tumor site, which was dominated by restoration of IL-2 production and proliferation
[42]. In these studies, the therapeutic activity of checkpoint blockade was largely preserved
even when blockade of new T cell exit from lymph nodes was achieved using the S1P
receptor inhibitor FTY720 [42]. These results indicate that the majority of tumor regression
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resulting from checkpoint blockade can be accounted for by reactivation of T cells that are
already present within the tumor site. Taken together, these observations point toward the
critical role for a baseline spontaneous anti-tumor CD8* T cell response to provide a
substrate for restoration of immune-mediated tumor control following several distinct
immunotherapeutic interventions in patients. A corollary to this notion is that patients who
lack any T cell infiltrate at baseline are unlikely to respond clinically to these therapies.

Mechanism of innate immune sensing driving spontaneous adaptive

immunity: role of type | IFNs

Given the functional importance of spontaneous T cell priming against tumor-associated
antigens as a predictive biomarker for clinical response to immunotherapies, understanding
the mechanism by which this occurs has become paramount. In general, in order for
productive T cell responses to be induced against specific antigens, dendritic cells (DCs) or
other antigen-presenting cells (APCs) need to be activated by additional molecular entities.
In the setting of pathogen infections, this is often mediated through stimulation of Toll-like
receptors (TLRs) by pathogen-associated molecular patterns (PAMPSs), such as endotoxin
that engages TLR4 [43]. However, which factors might provide innate immune signaling in
the context of sterile tumors in the absence of infection had been poorly understood. Clues
regarding innate immune pathways that might be involved with spontaneous induction of an
adaptive T cell response against tumors were gleaned from gene expression profiling studies
of tumor biopsies. Melanoma metastases containing evidence for T cell infiltration also
showed expression of a type | IFN gene signature [18,44]. A similar composite gene
expression profile also was predictive of favorable clinical outcome with therapeutic cancer
vaccines [19,20]. A gene expression profile including a type I IFN signature has been found
to have positive prognostic value in breast cancer [45-47], and also has been identified in
patients undergoing the evolution of vitiligo [48]. Together, these correlative data suggested
that type | IFN production might be integrally involved with adaptive T cell responses
against tumor antigens. Mechanistic experiments in mouse models demonstrated an
increased incidence of tumors induced by the carcinogen methylcholanthrene in type |
IFNR™~ mice [49]. In transplantable tumor systems, type | IFNR™/~ mice, or mice deficient
in the downstream transcription factor Statl, showed markedly reduced T cell responses
against tumor antigens in vivo [44,50]. The requirement for type I IFN signaling was
mapped to the level of APCs, and in particular to the Batf3-driven lineage DC subset, which
encompasses DCs expressing CD8a or CD103 [44,50,51]. Together, these data suggest that
early innate immune recognition of cancer cells in vivo involves activation of a pathway that
leads to IFN-B production by DCs, which in turn is necessary for productive cross-priming
of CD8* T cells via the subset of Batf3-lineage DCs [52].

STING pathway as innate immune sensing to drive type | IFN production

and adaptive immunity

Given the evidence indicating that | IFN production was necessary for optimal T cell
priming against tumor antigens, a next critical mechanistic question has been to identify the
receptor system and putative ligands that trigger IFN-f3 production by host DCs in response
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to a growing tumor in vivo. Recent evidence has pointed toward a critical role for the
STING pathway in this process. STING is an adapter that is activated by cyclic
dinucelotides generated by cGAS, which in turn is directly activated by cytosolic DNA
[53-55]. Activated STING forms aggregates in a peri-nuclear region and leads to activation
of the kinase TBK1, which in turn phosphorylates IRF3 that directly contributes to type |
IFN gene transcription (Figure 1). This pathway has been implicated in the sensing of DNA
viruses, but also in selected autoimmune models [56,57]. Moreover, activating mutations of
STING have recently been identified in human patients with a vasculitis/pulmonary
inflammation syndrome that is characterized by increased type I IFN production [58].
Mechanistic studies using mouse transplantable tumor models revealed that STING™~ mice
and IRF3~/~ mice showed defective spontaneous T cell priming against tumor antigens in
vivo, and rejection of immunogenic tumors was ablated [59]. Tumor-derived DNA was
found within the cytosol of a major population of tumor-infiltrating DCs, which was
associated with STING pathway activation and IFN-B production. Therefore, the host
STING pathway appears to be a major innate immune sensing pathway that detects the
presence of a tumor to drive DC activation and subsequent T cell priming against tumor-
associated antigens in vivo. A summary of these processes is illustrated in Figure 2.

A functional role for the STING pathway in vivo has also been reported in other mouse
tumor systems. An inducible glioma model utilizing a sleeping beauty transposon system
was shown to result in induction of a type | IFN gene signature as part of the host response.
This induction was substantially reduced in STING™~ mice, and tumors grew more
aggressively leading to shorter mouse survival. Exogenous delivery of cyclic dinucleotides
as STING agonists exerted a therapeutic effect in vivo [60]. A critical role for host type |
IFNs and the host STING pathway was confirmed in the B16.OVA and EL4.OVA models in
response to cryoablation. Interestingly, the mechanisms involved paralleled what was
observed in the Bm12 mouse model of lupus, as host STING was also required for maximal
production of anti-DNA Abs [61]. Thus, the anti-tumor immune response triggered in part
by tumor DNA has overlap with the mechanisms involved in autoimmunity driven by
extracellular DNA. A role for STING also has been explored in an inducible colon cancer
model. Using an AOM/DSS-induced colitis model that gives rise to intestinal tumors,
STING-deficient hosts were shown to display markedly increased tumor formation with
accelerated kinetics [62]. In this study, STING™~ mice were found to show decreased 1L-18
production but increased IL-6 levels, the latter which has been shown to promote Stat3
activation within intestinal epithelial cells. . This study also performed intestinal microbiome
sequencing and failed to find differences in commensal bacteria that could account for
different levels of inflammation. Thus, STING-dependent innate immunity appears to
control tumor development in this model. However, in other models of inflammation-
induced cancer, type | IFNs have been shown to contribute to carcinogenesis [63]. As such,
using a system in which DMBA is applied to the skin of mice, induction of STING pathway
activation was observed to occur early during carcinogenesis. Tumor development was
ablated in STING™" hosts, arguing that activation of this pathway is a necessary component
of inflammation-induced carcinogenesis in some settings [64].
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Therapeutic implications of the STING pathway in cancer

There are two major clinical implications of the findings that the host STING pathway is
critical for innate immune sensing of tumors. First, it seems likely that the ability of a cancer
in an individual patient to support STING pathway activation is linked to the spontaneous
generation of a T cell-inflamed tumor microenvironment. Because this phenotype is
associated with improved prognosis of early stage cancer patients, and also with clinical
response to immunotherapies in the metastatic setting, then failed STING activation may
represent an early functional block, and therefore itself may have prognostic/predictive
value as a biomarker. Such studies could proceed, for example, by enumerating the
frequency of Batf3-lineage DCs, or the fraction of tumor-infiltrating DCs expressing
phosphorylated TBK1/IRF3. Second, strategies that activate or mimic the output of the host
STING pathway should have immunotherapeutic potential in the clinic. Inasmuch as non-T
cell-inflamed tumors appear to lack evidence of a type | IFN transcriptional signature,
strategies to promote robust innate signaling via APCs in the tumor microenvironment might
facilitate improved cross-priming of tumor antigen-specific CD8* T cells and also augment
chemokine production for subsequent effector T cell trafficking. Recent studies have
pursued intratumoral injection of STING agonists to engage this pathway directly. 5,6-
Dimethylxanthenone-4-acetic acid (DMXAA) is a flavonoid compound that had previously
been shown to have anti-tumor activity in mouse models [65]. This drug ultimately failed in
humans when combined with chemotherapy in a Phase 3 trial in non-small cell lung cancer
[66]. Structure-function studies of mouse and human STING demonstrated that DMXAA
directly binds mouse STING but not human STING [67,68], explaining the lack of clinical
activity of this compound. Preliminary findings from our group have confirmed that
DMXAA is a strong agonist of the mouse STING pathway in vitro and in vivo, and
intratumoral injection of DMXAA augmented endogenous priming of tumor antigen-
specific CD8* T cells and had dramatic anti-tumor activity via a mechanism that was
dependent on host STING. Development of new STING agonists that stimulate all known
human STING polymorphic variants should be considered for clinical translation

A second approach for promoting innate immune activation directly within the tumor
microenvironment has been to provide an increased local concentration of type | IFNs. A
major challenge is developing strategies for systemic delivery of type | IFNs that give rise to
local accumulation at tumor sites. One consideration is by employing tumor-targeting
monoclonal antibodies (mAbs) coupled to IFN- as a payload. Indeed, either anti-Her2 or
anti-EGFR mAbs coupled to IFN-f led to tumor regression in tumor models expressing the
corresponding receptors, through a mechanism that was dependent on host T cells [69].
Conditional type I IFNR™/~ mice lacking type I IFN signaling specifically on CD11c* cells
lost the therapeutic effect with this strategy, arguing that host immune priming was an
essential component [69]. Thus, transient expression of low doses of IFN-B within the tumor
microenvironment appears to facilitate adaptive immunity to tumors. Interestingly, the
mechanism of anti-tumor activity of type | IFNs may vary depending on the delivery
strategy utilized, which likely is related to the dose and duration of type | IFN presence
within the tumor microenvironment. Transfection of B16 melanoma cells to express high
levels of IFN-B led to tumor regression that was largely independent of host adaptive
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immunity [70]. Rather, this approach led to an elimination of the tumor vasculature,
consistent with a potent anti-angiogenic effect. Most of the therapeutic effect was preserved
in RAG™~ and NK cell-depleted mice, and conditional type | IFNR™~ mice lacking type |
IFN signaling exclusively on vascular endothelial cells lost the therapeutic effect of high-
dose IFN-B [70]. Optimal combinations with type | IFNs and T cell-directed
immunotherapies in the future may depend on a careful consideration of the dose and
schedule of IFN-a or IFN-B being used.

An additional option for promoting appropriate innate immune activation in the tumor
microenvironment is through targeted radiation. Directed radiation to the tumor site also
appears to induce type I IFN production, to augment specific T cell priming, and to support
T cell-mediated tumor control [71]. Recent work has indicated that the mechanism by which
radiation therapy induces type | IFN production and adaptive T cell responses against tumor
antigens also depends on the host STING pathway [72]. Thus, radiation may facilitate the
proper acquisition of tumor-derived DNA by host DCs in the tumor microenvironment,
thereby leading to improved T cell priming as well as coordination of the effector phase of
the anti-tumor immune response. The mechanism by which DCs uptake and sort tumor-
derived material in this setting are not clear, but could involve the recently characterized
receptors Clec9A or Dectin-1 [73,74].

Concluding Remarks

As a relatively new area of investigation, numerous unanswered questions remain regarding
the role of the STING pathway in anti-tumor immune response in vivo (see Box 1). First, the
mechanism by which DNA can be derived from dying tumor cells and gain access to the
cytosol of host APCs is not yet understood. Free DNA alone does not activate DCs in vitro
but requires the addition of Lipofectamine or another transfection reagent [59]. In principle,
extracellular DNA would be degraded by DNAse | in the serum, and also by DNAse Il
within lysosomes of APCs. Therefore, it seems likely that tumor-derived DNA might need
to be protected in order to escape this degradation. A plausible mechanism could be through
packaging in a lipid-bound vesicle, such as a type of exosome. Future work will be required
to identify this mechanism, which could ultimately shed light on the process by which cross-
presentation of protein antigens to generate class | MHC-presented peptides occurs, which
also requires access to the cytosol and remains poorly understood from the cell biology
perspective. Understanding the mechanism by which this occurs in T cell-inflamed tumors
should also highlight possible blocks in the non-T cell-inflamed subset of tumors. Second,
while work to date has focused on the role of the STING pathway within APCs, it is
conceivable that the STING pathway could be functionally relevant in other cell types. In
the tumor microenvironment, it is critical to assess whether vascular endothelial cells,
fibroblasts, or even tumor cells themselves might be capable of activating the pathway, in
particular in response to STING agonists. Third, while it appears that radiation therapy of
tumors can initiate host immune response via STING pathway activation and type I IFNSs, it
is not known to what extent this occurs with other conventional cancer therapeutics. Thus,
investigating the functional role of the host STING pathway and type | IFNs in the setting of
administration of specific chemotherapeutic agents or targeted inhibitors of mutated kinases
will be of paramount importance, and the mechanisms might be distinct [75]. These
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considerations are especially important for planning future combinations between
immunotherapies and conventional cancer therapies. Fourth, additional aspects of the
biology of the STING pathway in humans need to be better understood. The human STING
gene is polymorphic [76], and it is not known whether these polymorphisms might be
associated with clinical outcome from cancer immunotherapies such as anti-PD-1 mAb. In
addition, there is limited knowledge regarding negative regulators of the STING pathway,
which could be envisioned as part of a negative feedback loop controlling the duration of
innate immune activation. A greater understanding of potential feedback regulation could
point towards additional opportunities for therapeutic targeting.

Box 1

Outstanding Questions

1.  What is the mechanism by which tumor-derived DNA gains access to the
cytosol of DCs?

2. Isthe STING pathway activated in other cell types in the tumor
microenvironment besides APCs?

3. Do conventional cancer therapies indirectly activate the STING pathway?
4. Are human STING polymorphisms associated with clinical outcome?

5. Is STING pathway activation within tumor-infiltrating DCs associated with
favorable clinical outcome?

6. Are there negative regulatory factors that control the STING pathway that might
be pharmacologically manipulated?
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Figure 1. Model for STING pathway activation by cytosolic DNA
The appearance of DNA in the cytosol engages cGAS, which generates intracellular cyclic

dinucleotides as a second messenger. This results in aggregation of STING, which leads to
TBK1 phosphorylation and activation, which in turn phosphorylates the transcription factor
IRF3. The latter contributes directly to transcription of type I IFN genes.
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Figure 2. Working model for innate immune sensing leading to spontaneous anti-tumor T cell
responses in vivo

Tumor-derived DNA, presumably generated during tumor cell stress or death, can be found
within the cytosol of intratumoral DCs. This is associated with STING pathway activation
and IFN-B production. The use of gene-targeted mice has revealed a critical role for STING,
IRF3, type | IFN production and sensing, and the Batf3-lineage of DCs for spontaneous anti-
tumor T cell responses in vivo. STING pathway activation also leads to chemokine
production, which likely contributes to effector T cell recruitment into the inflamed tumor
microenvironment.
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