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A network of pattern recognition receptors (PRRs) is respon-
sible for the detection of invading viruses and acts as the trigger
for the host antiviral response. Central to this apparatus is
stimulator of interferon genes (STING), which functions as a
node and integrator of detection signals. Owing to its role in
both intrinsic and adaptive immunity, STING has become a
focus for researchers in the field of oncolytic virotherapy. In
this review, we consider the function of the cGAS-STING axis
and its regulation, both by cellular mechanisms and as a result
of viral interference.

In order tomaintain homeostasis, organismsmust monitor for poten-
tially harmful changes in their environment. This is true not only on
the macroscopic but also on the microscopic level. To this end, cells
have evolved specialized sensors that rapidly identify molecules that
differ from those produced by their normal physiology. This network
of pattern recognition receptors (PRRs) plays an essential role in the
intracellular immune response by initiating interferon and pro-in-
flammatory signaling upon detection of conserved non-self-molecu-
lar patterns. Host PRRs detect a variety of these pathogen-associated
molecular patterns (PAMPS), including lipopolysaccharide and
peptidoglycan (associated with bacteria), chitin and ergosterol (asso-
ciated with fungi), and nucleic acid complexes (associated with bacte-
rial and viral genomes as well as viral replication intermediates).1,2 In
this review, we focus upon stimulator of interferon genes (STING), an
adaptor protein that plays an indispensable role in coordinating the
cellular antiviral response by way of integrating signals from
numerous DNA and RNA-sensing PRRs. Owing to its role in stimu-
lating both the intrinsic antiviral response and the cellular adaptive
immune response, STING has garnered the interest of researchers
working to untangle the cellular mechanisms relevant to radiation
therapy,3 oncolytic virotherapy,4–6 and immunotherapy.7,8
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Overview of RNA and DNA Sensors

Host PRRs are positioned to detect viral-associated nucleic acids from
both the extracellular and intracellular environments. Toll-like
receptors (TLRs), located along the plasma membrane and within en-
dosomal compartments, monitor the extracellular environment for
single- and double-stranded RNA (dsRNA) as well as unmethylated
CpG DNA motifs that are released from pathogens.9 While normally
protected by capsid proteins, viral nucleic acids can be liberated
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following endocytosis and lysosomal digestion10 and can ultimately
escape from dying cells.11 In contrast to TLRs, intracellular receptors
monitor for de novo synthesized nucleic acids produced by
intracellular pathogens. The retinoic acid-inducible gene receptors
(RIG-I-like receptors), including RIG-I andmelanoma differentiation
associated protein 5 (MDA5), monitor for cytosolic double- and
single-stranded RNAs.12

Numerous PRRs also monitor for pathogen- and tumor-derived
DNA13 and include absent inmelanoma 2 (AIM2),14 DEAD-box heli-
case 41 (DDX41),15 DNA-dependent activator of interferon regula-
tory factors (DAI),16 interferon-gamma inducible protein 16
(IFI16),17 and cyclic GMP-AMP synthase (cGAS).18 Upon activation,
these DNA sensors stimulate a common signal relay protein encoded
by the TMEM173 gene: STING, also known as mediator of IRF3 acti-
vation (MITA). STING is an adaptor protein which sits downstream
of multiple RNA- and DNA-based PRRs and acts as a signal inte-
grator, relaying tumor- and pathogen-stimulated signals to down-
stream transcriptional machinery. STING is an ER-resident protein
which also localizes to mitochondria-associated ER membranes
(MAMs) via its N-terminal transmembrane domain.19 Upon stimula-
tion, STING translocates, via the Golgi, to sec-5-containing perinu-
clear vesicles, along with TANK-binding kinase 1 (TBK1).20 Upon
activation, STING undergoes a conformational change that allows
for homodimerization, followed by TBK1 binding and interaction
with interferon regulatory factor 3 (IRF3) and nuclear factor kappa-
light-chain-enhancer of activated B cells (NF-kB). This leads to phos-
phorylation of these transcription factors, enabling type I interferon,
interferon-stimulated genes (ISGs), and inflammatory cytokines pro-
duction (Figure 1).19,21–23

HSV-I Infection as a Template for STING Signaling Activation

In this review, we will consider the STING-mediated interferon (IFN)
response to viral infection, cellular regulation of this response, and the
viral mechanisms that directly counter it. We will also look briefly at
related findings which predict the efficacy of oncolytic DNA viruses.
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Figure 1. The Antiviral Apparatus

Double-stranded DNA from a replicating virus can be bound by cGAS, triggering production of cGAMP—a process that is stimulated by de-SUMOylation of cGAS by SENP7.

IFI16 also feeds into this process and participates in cGAS activation and downstream signaling on multiple levels. Signaling through STING begins with cGAMP binding and

results in downstream phosphorylation of TBK1 and transcription factors NF-kB and IRF3. NF-kB and IRF3 participate in transcription of type I interferons, interferon-

stimulated genes, and inflammatory cytokines. Detection of viral DNA in the nuclear compartment is mediated by IFI16, which triggers signaling on the cGAS/STING axis.

RNA polymerase III (pol III) can bind viral DNA and transcribe RNA, thus acting as a DNA pattern recognition receptor. Viral double-stranded RNA can be bound by RIG-I,

which in conjunction with MAVS, can activate signaling through STING and TBK1.
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Although HSV-I (a double-stranded DNA [dsDNA] a-herpes virus)
has been utilized extensively to study the STING-mediated response
to DNA virus infection, adenoviruses,24 and poxviruses25 have been
shown capable of stimulating the same response. Interestingly,
although STING is also required to restrict the replication of a diverse
group of RNA viruses, this restriction does not always depend upon
downstream IFN signaling, in some cases relying upon a form of
STING-mediated translation inhibition.26

Though many sensors were previously identified that detect cytosolic
DNA during viral infection, most of these were cell-type specific or
redundant. A universal activator of STING had remained elusive27

until the work of a group led by Dr. Zhijian Chen,18 which identified
cyclic GMP-AMP (cGAMP) as the signal molecule responsible for
STING activation28 and identified the cytosolic DNA sensor respon-
8 Molecular Therapy: Oncolytics Vol. 13 June 2019
sible for catalyzing production of cGAMP: GMP-AMP synthase
(cGAS). The dsDNA-activated signaling molecule, cGAMP, is similar
to a dsRNA-activated antiviral signaling molecule, 20-50-oligoadeny-
late, in that both are characterized by uncommon 20-50 phospho-
diester bonded nucleotides.29 In addition to activating STING in
the infected cell, cGAMP can also translocate via gap junctions to
neighboring uninfected cells, priming their STING-mediated anti-
viral response.30

Recent work has suggested that cGAS and STING play a critical role
in HSV-I resistance. In microglia, the HSV-I-induced type-I IFN
response is dependent upon cGAS-STING signaling. Mice with defec-
tive cGAS or STING functions were found to be more susceptible to
herpes simplex encephalitis (HSE).31 This work echoes previous find-
ings that show that STING knockout increases HSV disease in mice
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and is required for effective type-I IFN production in MEFs, dendritic
cells, and macrophages when infected with HSV-I, or when trans-
fected with cytosolic DNA.20 While these works provided evidence
to support that the cGAS-STING axis is instrumental in the cellular
response to HSV-I infection, they were not able to explain how a
DNA virus that replicates in the nucleus is able to activate a cytosolic
DNA sensor (such as cGAS).

An answer to this question began to emerge when PYHIN (pyrin and
HIN200-domain containing proteins) family member IFI16 was first
described as a DNA-sensing protein that can stimulate the IFN
response in a STING-dependent manner.17 While previous work
had identified that IFI16 can bind dsDNA via its two C-terminal
HIN domains,32 Unterholzner et al.17 found that IFI16 could also re-
cruit STING and that its activity was required for efficient IFN-b in-
duction by dsDNA in monocytic leukemia (THP-1) cells. Later,
Li et al.33 showed that acetylation of IFI16’s nuclear localization signal
(NLS) regulates its cellular distribution and ability to detect HSV-1
DNA in the nucleus. Taken together, these studies suggested a model
whereby IFI16 detects viral DNA in the nucleus, followed by re-local-
ization to the cytosol, where it could then activate IFN signaling
through the STING-TBK1 axis. However, this left questions
regarding the role of cGAS-STING signaling.

While the DNA-sensing pathways described thus far utilize TBK1-
mediated IRF3 phosphorylation for IFN-b upregulation, more recent
work by Diner suggests that a TBK1-independent mechanism may
also stimulate IFN-b production.34 In HFF (human foreskin fibro-
blast) cells, CRISPR knockout of cGAS or STING abrogated TBK1
activation, while a similar IFI16 knockout did not. However, given
that IFI16 knockout was shown to strongly inhibit induction of
IFN-b, this suggested a model wherein IFN-b may be induced by a
canonical pathway involving cGAS-STING-TBK1 in the cytoplasm
or by a non-canonical pathway involving IFI16 detection of viral
DNA in the nucleus. For the canonical pathway, instead of placing
IFI16 in the cytosolic role of STING activation, Diner suggested
that IFI16 might operate in a purely nuclear role, as a downstream
effector of IRF3.

The seemingly variable behavior of IFI16 during DNA virus infection
is consistent with its role as a functionally diverse gene product whose
localization is cell-type specific and thus influenced by a range of con-
ditions, including gene polymorphisms, post-translational modifica-
tions, hormonal regulation, and protein-protein interactions.35–40

Similarly, cGAS function and cellular localization may also vary. In
HFF and normal oral keratinocyte (NOK) cells, cGAS was observed
to localize both to the cytosol and nuclear compartment.41 It was
also found that cGAS stabilizes IFI16 levels and that both IFI16 and
cGAS are required for robust IFN-b and ISG induction during
HSV-I infection of HFFs.

Recent works have therefore sought to elucidate the combined role of
IFI16 and cGAS during HSV-I infection. In one such work, it was
found that cGAS, STING, and IFI16 are each necessary for type-I
IFN production in HSV-I infected THP-1 cells42 and that IFI16 inte-
grates into the cGAS-STING signaling axis at multiple levels. IFI16
enhances cGAS production of cGAMP, is required for cGAMP to
stimulate STING dimerization and activation, and works to recruit
TBK1 to STING, enabling IRF3 activation. Concurrent work in
immortalized human keratinocytes (HaCaT cells) echoes that IFI16
is required for the IFN response to HSV-I infection, as well as for
the DNA-induced activation of STING.43 In agreement with other
recent findings, it was shown that DNA sensing in HaCaT keratino-
cytes also requires cGAS, that IFI16 interacts with cGAS in a DNA-
dependent manner, and that IFI16 enhances phosphorylation of
STING, leading to activation of TBK1 and IRF3.

Completing the picture of the cGAS-STING response to viral infec-
tion, Cui et al.44 show that HSV-I infection strengthens the associa-
tion of cGAS with SUMO-specific protease 7 (SENP7) and that this
leads to deSUMOylation of cGAS and its subsequent activation.
SENP7 inhibits cGAS SUMOylation, thus improving its ability to
bind DNA. This may be a way for cells to regulate cGAS-STING
signaling during HSV-I infection, as the authors show that the
SENP7-cGAS association is high at the beginning of viral infection,
and tapers off later. Using SENP7 knockdown mice, the authors
also show that disruption of the SENP7-cGAS interaction renders
mice more susceptible to HSV-I infection. Given IFI16’s multi-
layered relationship with cGAS and its essential role in the response
to HSV, it may be that IFI16 is also involved in this step of cGAS acti-
vation—such questions remain for future studies.

The Role of RNA Sensors in STING Signaling

While much of the literature focuses on the role of STING in response
to DNA sensors, STING also has direct interactions with RIG-I
(a cytosolic RNA sensor) as well as its downstream adaptor molecule,
mitochondrial antiviral-signaling protein (MAVS); interactions
which drive IFN-b expression.19,21 HSV-I produces dsRNA during
infection as a result of transcription from the viral genome by RNA
pol II.45 These dsRNAs are recognized by protein kinase R (PKR)
and trigger global translational arrest.46 Similarly, RIG-I is activated
by dsRNA that is transcribed by RNA pol III47 and potentially by
direct interactions with dsDNA.48 Resultant IFN-b production is
mediated at least in part by MAVS,49 while the extent of STING
involvement on this pathway remains to be determined. Studies
that have evaluated the role of RIG-I in response to cytosolic dsDNA
have found poly (dA:dT) to be a target of RNA pol III transcription
and the most potent stimulator of RIG-I.47,49 DNA containing this
motif initiates signaling through both MAVS and STING; double-
knockdown is necessary to abrogate poly (dA:dT)-stimulated IFN-b
production in macrophages and dendritic cells (DCs).50 Finally,
regardless of the downstream signaling mechanism, RIG-I may ulti-
mately depend upon STING to restrict HSV-I. As Liu et al.51 have
shown, RIG-I-mediated restriction of HSV-I depends upon its ability
to upregulate the expression of STING.

Beyond merely integrating RNA sensors for the detection of DNA vi-
ruses, STING is also instrumental in the cellular response to RNA
Molecular Therapy: Oncolytics Vol. 13 June 2019 9
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viruses. In N2A cells, Japanese encephalitis virus (JEV) genomic RNA
was detected by RIG-I in concert with MAVS, which subsequently in-
teracted with STING.52 STING knockdown decreased production of
IFN-b and ISGs and increased viral loads. In contrast, a recent study
by Franz et al.26 found that while STING is required to restrict the
replication of vesicular stomatitis virus (VSV), Sindbis virus
(SINV), Sendai virus (SeV), influenza A, and reovirus, STING is
not responsible for the IFN response to these viruses in MEFs.
Instead, it was found that RIG-I and MDA5 restrict RNA virus repli-
cation by triggering a MAVS-mediated IFN response that is comple-
mented by a STING-mediated global shutdown of translation.

Cellular Regulation of STING Signaling during Viral Infection

Signaling through the STING pathway induces genes that mediate the
immune response to viruses and other pathogens. While necessary to
maintenance of homeostasis, prolonged activation of this pathway
would lead to lethal pro-inflammatory conditions. Accordingly,
host mechanisms exist to prevent this from happening.53

Early studies by Glen Barber and others identified that STING un-
dergoes a shift in molecular weight following its activation, an obser-
vation that focused on regulatory post-translational modifications of
STING. Investigators identified that STING phosphorylation (at
S366) by ULK1 immediately inhibits its activation of IRF3 and ulti-
mately contributes to the lysosomal degradation of STING.54 ULK1
phosphorylation of STING is triggered by cGAS production of
cGAMP. Thus, when cGAS activates STING, it also stimulates path-
ways that downregulate it through a negative feedback mechanism.
UKL1 knockdown inhibits this dsDNA-induced degradation of
STING and leads to a sustained STING-mediated response in
hTERT-BJ1 cells.

Ubiquitin-regulated degradation of STING following viral infection is
also documented. One group identified that E3 ligase TRIM30a
causes the K48-linked ubiquitination of STING (at Lys 275) and
subsequent proteasomal degradation in response to viral infection.55

Specifically, it was shown that in mouse dendritic (D2SC) cells,
knockdown of TRIM30a increased viral and cytosolic DNA-induced
IFN-b and ISG expression. In these studies, the investigators identi-
fied that HSV-I infection increased TRIM30a expression and that
overexpression of this protein improved viral replication. Conversely,
TRIM30a knockdown decreased HSV replication in mouse fibroblast
cells and TRIM30a knockout mice were less susceptible to HSV infec-
tion. Other studies have reported alternative ubiquitination sites with
similar function. During SeV infection, the E3 ligase RNF5 is upregu-
lated and causes the K48-linked ubiquitination of STING at Lys 150,
also leading to proteasomal degradation.56

Separately, it has been shown that USP18 and USP20 cooperatively
direct the K48-linked de-ubiquitination of STING, promoting its
stability.57 This study showed that USP18 or USP20 deficiency
significantly inhibited HSV-I or cytosolic DNA activation of both
NF-kB and IRF3, and type-I IFN and proinflammatory cytokine
expression.
10 Molecular Therapy: Oncolytics Vol. 13 June 2019
Although STING’s post-translational modifications have been well-
described, they are not the only cellular mechanisms which regulate
it. As shown by Chen et al.,58 the expression of a STING alterna-
tive-splicing isoform known as MITA-related protein (MRP) can
alter STING function. Due to amissing exon and an associated frame-
shift mutation, MRP has a non-functional C-terminal tail region—the
same region that allows wild-type STING to function as a scaffold for
the interaction of TBK1 and IRF3. However, because MRP retains a
functional dimerization domain, it is still able to interact with wild-
type STING. Accordingly, in 293T cells, it was found that co-expres-
sion of MRP with wild-type STING limited the STING-associated
activation of an IRF3-driven reporter, while still allowing activation
of an NF-kB reporter. Data regarding MRP function during viral
infection is less clear-cut. When 293T cells were infected with SeV,
expression of MRP restricted the activity of an IFN-b reporter. How-
ever, during HSV-I infection of colorectal cancer (HCT116) cells,
MRP expression enhanced activity of IRF3 and IFN-b reporters.
Future work will therefore be necessary to identify the mechanisms
which control MRP modulation of STING signaling.

Viral Regulation of STING Signaling

While STING can be degraded as a result of cellular safety mecha-
nisms which prevent a persistent immune response, viruses such as
HSV-I possess mechanisms which interfere with the cellular IFN
response on multiple levels of the STING axis. Chief among these
viral products is encoded by the g134.5 gene, long of interest to re-
searchers in the field of oncolytic HSVs due to its crucial role in
neurovirulence.59 Among its other immunosuppressive functions,
the g134.5 gene product (ICP34.5) directly binds STING, preventing
its translocation from the endoplasmic reticulum (ER) to the Golgi
apparatus, thereby blocking interaction with downstream effectors,
such as TBK1. Other HSV proteins also perturb STING signaling.
Downstream of TBK1 activation, ICP27 interferes with the subse-
quent phosphorylation of IRF3.60 UL46, one of the most abundant
HSV-I tegument proteins, was only recently described to have a
clear function. In addition to suppression of IFI16 and STING
expression in HEL cells, it was found that the UL46 protein product
can directly bind to both STING and TBK1, increasing viral titers.61

Another study identified that the VHS protein (UL41) allows viral
evasion of cGAS-STING signaling by selectively degrading cGAS
mRNA, via its RNase activity.62 The authors of this study showed
that a UL41 mutant (R2621) was replication compromised when
compared to wild-type HSV-I, but that stable knockdown of
cGAS was able to rescue replication. At the other end of the
signaling axis, a separate study found that the HSV-I ubiquitin-spe-
cific protease (UL36) inhibits activation of NF-kB.63 Specifically, the
authors found that ectopic expression of UL36 inhibited the activa-
tion of IFN-b and NF-kB promoters by overexpression of STING,
TBK1, and IKKa+b (direct activators of NF-kB), but not with over-
expression of NF-kB subunit p65. UL36 was found to deubiquiti-
nate the NF-kB inhibitor, IkBa, restricting its degradation; conse-
quently, this prevented NF-kB activation. A separate NF-kB
-related study found that HSV-I UL24 blocks the translocation of
NF-kB to the nucleus by interfering directly with p65 and p50,64
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and this was shown to impair production of IFN-b and inflamma-
tory cytokines.

RNA viruses also have mechanisms that target the cellular IFN
response—often by disrupting RIG-I-MAVS-STING signaling. Hep-
atitis C virus (HCV) protein NS4B co-localizes with STING in the
endoplasmic reticulum (ER) and binds STING through a structurally
homologous domain. This binding prevents MAVS-STING interac-
tions, ultimately inhibiting IFN-b production.65 The influenza A virus
(IAV) hemagglutinin fusion peptide (FP) binds to STING in a highly
conserved region that functions in cGAMP binding and STING
dimerization. In THP-1 cells, the interaction of FP with STING in-
hibited a mechanism that specifically produces IFN in response to
lipid membrane fusion.66 Dengue virus also produces a molecule tar-
geting the cGAS-STING axis. Called NS2B3, this protein targets
cGAS for degradation through an autophagy-dependent mechanism
in addition to targeting STING for direct cleavage.67,68 Interestingly, it
was found that this virus stimulates the STING pathway through the
release of mitochondrial DNA during the course of infection.

STING, Oncolytic Viruses, and Immunotherapy

The first generation of oncolytic herpes simplex viruses (oHSVs) has
relied upon deletion of the g134.5 neurovirulence gene for oncolytic
selectivity. Because the gene product (ICP34.5) has direct effects
upon STING signaling, researchers hypothesized that tumors with
complimentary signaling defects might prove amenable to treatment
with g134.5-deleted oHSVs. Indeed, because of its role in the DNA
damage response, the STING axis may often be silenced during ma-
lignant transformation, allowing cancers to escape immune surveil-
lance.69 Thus far, carcinomas have emerged as a type of cancer in
which this appears to be the case, with defective STING signaling
acting as a predictor of oHSV viral productivity. Studies in ovarian
cancer,4 colorectal carcinoma,6 and melanoma5 have shown
decreased type-I IFN and inflammatory cytokine production in
response to dsDNA stimulation and viral infection. The muted im-
mune response in these cell types has allowed for increased oHSV
titer, cell-to-cell spread, and overall oncolytic effect. In these studies,
defective STING signaling was most often associated with epigenetic
silencing of cGAS and/or STING, with concomitant loss of the IFN
response. In vivo work has recapitulated these results, with xenografts
in nude mice showing a greater reduction in volume for oHSV-
treated STING-defective tumors versus tumors with normal STING
function.

But while the aforementioned studies demonstrate the importance of
STING signaling to oncolytic viral productivity and direct cell lysis,
the larger role of this pathway in the immune surveillance machinery
should also be considered. Cytosolic DNA within cancer cells can
activate intrinsic STING signaling and thus, the production of inflam-
matory cytokines that attract phagocytic and T-cell-mediated
responses.70 Meanwhile, extrinsic STING signaling within dendritic
cells drives the production of type-I IFN in response to tumor-derived
adjuvants, facilitating cross-priming of tumor-infiltrating CD8+

T cells.13 This paradigm places the STING axis in a pivotal role within
the anti-tumor immune apparatus. In light of this, researchers have
begun to target immunologically indolent tumors with STING ago-
nists in hopes of stimulating the immune microenvironment. Using
intratumoral (IT) injection of synthetic cyclic dinucleotides
(CDNs), it was shown that established B16 melanoma tumors in
mice were subject to profound regression, with rejection of distant
metastases and lasting CD8+ T cell-mediated immunity.7 In a sepa-
rate work, transfection of B16 cells with modified dsDNA species
called STAVs (STING-dependent adjuvants) was used to demon-
strate an effective cell-based therapy that also depended upon anti-
gen-presenting cells (APCs) and the stimulation of a CD8+ T cell
response.8 Importantly, it was found that tumor-derived DNA is
likely degraded before the STING-dependent IFN response is trig-
gered within APCs but that engulfed species such as CDNs are able
to persist and act as STING adjuvants. Furthermore, it was found
that within engulfing APCs, STING function (but not cGAS function)
was required for activation, suggesting that CDNs (such as cGAMP)
from engulfed tumor cells are chiefly responsible for activation of
APCs. This finding is echoed in other work, which shows that tu-
mor-derived cGAMP (and not tumor-derived DNA) is responsible
for stimulating the natural killer (NK) cell response that mediates
the rejection of certain NK-sensitive tumors.71

Work with STAVs showed that infection of cancer cells with oHSVs
can also generate an APC and CD8+ T cell-mediated response.8 This
leads to the question of STING’s role in the immune-mediated effects
of oncolytic virotherapy. Though STING defects can increase a cancer
cell’s sensitivity to viral infection, it is reasonable to ask if the same
defects might also limit the ability of infected cells to stimulate an
anti-tumor immune response. This question remains open to future
research; however, studies involving STAVs and NK-sensitive
tumors suggest that defects in tumor cGAS function—but not
STING function, per se—would make engulfed tumor cells less
immunostimulatory.8,71

Conclusions

As the central adaptor protein of the cellular PRR network, STING is
responsible for integrating and relaying the immune signals that are
generated by a diversity of pathogens, including RNA and DNA vi-
ruses. When an invader possesses genomic DNA, cGAS and IFI16
cooperate to monitor the cytosolic and nuclear compartments for
the first signs of viral replication, ultimately relying upon STING to
mediate the appropriate response. In the case of RNA viruses,
RIG-I performs the analogous job of nucleic acid detection, relaying
signals to STING and MAVS as a cooperative pair.

This antiviral detection and response apparatus is dynamic, adapting
to cellular conditions and to the specific functions accorded by cell
type. In their mouse study, Reinert et al.31 found that that while
STING function is redundant in the antiviral response of astrocytes
and neurons in vitro, HSV-I replication was nevertheless increased
in these cell types for STING-deficient mice in vivo. The study
concluded that STING-mediated production of type-I IFN by micro-
glia was required by astrocytes and neurons to stimulate an effective
Molecular Therapy: Oncolytics Vol. 13 June 2019 11
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antiviral response. This theme of specialization is echoed in the var-
iable localization and function of IFI16, in the potential involvement
of RIG-I (an RNA sensor) in detecting DNA viruses and perhaps in
the varied role of STING signaling in response to RNA viral infection.

So fundamental is this apparatus to cellular immunity that viral path-
ogens have evolved numerous mechanisms to rapidly silence it, while
cells must work to prevent its sustained and deleterious activation.
Even so, STING signaling often becomes defective during malignant
transformation, allowing cancers to escape immune surveillance.4–6

Such common defects in immune signaling may prove to be the
Achilles’ heel in many treatment-refractory cancers, making them
amenable to oncolytic virotherapy while also shedding light upon
the way to new immune-mediated therapies.
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