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Abstract
Viral infections pose a severe threat to humans by causing many infectious, even fatal, diseases, such as the current pandemic 
disease (COVID-19) since 2019, and understanding how the host innate immune system recognizes viruses has become more 
important. Endosomal and cytosolic sensors can detect viral nucleic acids to induce type I interferon and proinflammatory 
cytokines, subsequently inducing interferon-stimulated genes for restricting viral infection. Although viral RNA and DNA 
sensing generally rely on diverse receptors and adaptors, the crosstalk between DNA and RNA sensing is gradually appreci-
ated. This minireview highlights the overlap between the RNA- and DNA-sensing mechanisms in antiviral innate immunity, 
which significantly amplifies the antiviral innate responses to restrict viral infection and might be a potential novel target for 
preventing and treating viral diseases.
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Introduction

The innate immune response serves as the first-line defense 
against invading pathogens, including viruses [1]. The initia-
tion of innate immune response depends on the recognition 
of pathogen-associated molecular patterns (PAMPs) and 
danger-associated molecular patterns (DAMPs) by pattern 
recognition receptors (PRRs), including Toll-like receptors 
(TLRs), retinoic acid-inducible gene I (RIG-I)-like recep-
tors (RLRs), NOD-like receptors (NLRs), and several other 

nucleic acid sensors [2, 3]. The PRR signaling pathways 
generally converge on triggering type I interferon (IFN-I) 
and proinflammatory cytokines production, resulting in 
the induction of hundreds of interferon-stimulated genes 
(ISGs) for viral clearance [4, 5]. Since viruses have few 
unique characteristics that may be utilized as PAMPs, the 
innate immune system depends mostly on PRRs detecting 
virus-derived nucleic acid to stimulate IFN-I production 
[6]. PRRs’ various subcellular sites allow the host to detect 
infection throughout the viral life cycle [7].

Viral nucleic acid-sensing TLRs all localize to the endo-
some. TLR3, TLR7, and TLR8 are RNA sensors; however, 
TLR9 is a DNA sensor [8, 9]. TLR3 recognizes double-
stranded (ds) RNA in a sequence-independent manner [10]. 
Highly homologous TLR7 and TLR8 contain one binding 
site with specificity for guanosine and uridine, respectively, 
and additional binding sites for detecting single-stranded 
(ss) RNA [11–13]. TLR9 is the first identified DNA sensor, 
recognizing the unmethylated cytosine-phosphate-guanosine 
(CpG) DNA of viral genomes [14, 15]. When the endosomal 
TLRs are activated, TLR3 utilizes TIR-domain-containing 
adapter-inducing interferon (TRIF) to induce IFN-I produc-
tion via both IKKα/β-NF-κB and TBK1-IRF3/7 axes, while 
TLR7/8/9 recruit myeloid differentiation primary response 
88 (MyD88) to trigger IKKα/β-NF-κB-axis-mediated IFN-I 
production [8, 15, 16].
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The RLRs are responsible for sensing viral RNA in 
the cytosol, while sensors for detecting cytosolic DNA 
are more complicated. The RLRs, which include RIG-I, 
melanoma-differentiation-associated gene 5 (MDA5), and 
laboratory of genetics and physiology 2 (LGP2), are char-
acterized by a C-terminal dsRNA-binding domain and 
a DEAD-box helicase domain [17]. RIG-I preferentially 
recognizes short dsRNA (< 300 bp) with 5ʹ triphosphate 
(5ʹ-ppp) moiety and also detects short fragments of poly 
(I:C), 5ʹ diphosphate, as well as circular RNA [18, 19]. 
MDA5, on the other hand, preferentially binds lengthy 
and irregular dsRNA (> 300 bp), implying a complicated 
higher order structure [20]. Following the recognition of 
distinct dsRNA features, the distinctive caspase-recruit-
ment domains (CARDs) of RIG-I and MDA5 but not 
LGP2 recruit and activate the downstream adaptor pro-
teins, such as mitochondrial antiviral signaling protein 
(MAVS), ultimately triggering IFN-I production through 
both IKKα/β-NF-κB and TBK1-IRF3/7 pathways [8, 16].

The cyclic GMP-AMP synthase (cGAS) is a pri-
mary indispensable cytosolic sensor for detecting long 
dsDNA with bounded protein and short dsDNA by low 
and high concentrations of cGAS, respectively [21]. 
IFN-γ-inducible protein-16 (IFI16), a member of the 
pyrin and HIN domain (PYHIN)-containing protein fam-
ily, is located in both the cytoplasm and the nucleus to 
recognize the DNA of a few viruses [22–25]. Cytoplas-
mic IFI16 merely recognizes dsDNA of herpes simplex 
virus type I (HSV-1) and vaccinia virus (VV), as well 
as senses ssDNA from human immunodeficiency virus 
type 1 (HIV-1)-infected CD4+ T cells, to produce IFN-I. 
After detecting the dsDNA of HSV-1, sarcoma-associated 
herpesvirus (KSHV), and Epstein–Barr virus (EBV), the 
nuclear IFI16 oligomer translocates to the cytoplasm via 
unknown mechanisms to ultimately trigger STING-medi-
ated IFN-I production and/or inflammasome-mediated 
IL-1β production. The DEAD-box helicases 41 (DDX41) 
has been identified as a dsDNA sensor during HSV-1 
viral infection and B-form DNA transfection [26]. The 
recognition of cytosolic DNA subsequently initiates a 
Stimulator of Interferon Genes (STING)-mediated IFN-I 
production via both IKKα/β-NF-κB and TBK1-IRF3/7 
signaling pathways [15, 16].

Although viral RNA and DNA sensing generally rely 
on diverse receptors and adaptor proteins, their down-
stream signaling is similar. Remarkedly, accumulating 
evidence suggests the high degree of crosstalk between 
viral DNA- and RNA-sensing mechanisms in antivi-
ral innate immunity, which amplify the antiviral innate 
response against both RNA and DNA viruses via detect-
ing infection throughout the viral life cycle.

Detection of RNA virus by DNA sensors

Sensing of retroviruses

Retroviruses are enveloped, linear, non-segmented ssRNA 
viruses [27]. Retrovirus replication produces intermediate 
nucleic acids, including viral ssRNA, RNA:DNA hybrids, 
ssDNA, and dsDNA. Studies on human and murine ret-
roviruses, HIV-1, and murine leukemia virus (MLV), 
indicated significant crosstalk between DNA and RNA 
sensing (Fig. 1A). cGAS is a primary retroviral DNA 
sensor that detects dsDNA in a sequence-independent 
way while preferentially recognizing ssDNA stem–loop 
structures [28–30]. During HIV-1 or MLV infection, 
cGAS plays a crucial role in triggering IFN-I production 
via the cGAMP-STING axis in murine and human cells 
[28], which is the first study identifying cGAS as a gen-
eral innate immune sensor of retroviral DNA to trigger 
innate immune responses against retroviruses infection. 
Ross’s and Schlee’s groups further revealed that cGAS 
preferentially recognizes retroviral dsDNA and ssDNA 
with partially mismatched stem–loop structures [29, 30]. 
Furthermore, HIV-1-induced host DNA damage also can 
stimulate cGAS-mediated IFN-I production [31].

IFI16 also recognizes retroviral ssDNA stem–loop 
structures to induce IFN-I production, detects retroviral 
dsDNA to activate the inflammasome, and directly limits 
retroviral infection [25, 32, 33]. The activation of IFI16 by 
HIV-1 ssDNA results in the production of IFN-I through 
a STING–TBK1–IRF3/7 pathway and the subsequent 
ISGs production to suppress HIV-1 replication in mac-
rophages [25], suggesting the important role of IFI16 in 
restricting HIV-1 replication in macrophages via stimu-
lating IFN-I production. On the contrary, the recognition 
of HIV-1 dsDNA by IFI16 activates the inflammasome-
mediated pyroptosis of host CD4+ T cells, contributing 
to progression to AIDS [32]. However, the role of IFI16 
in sensing retroviral DNA as well as inducing IFN-I pro-
duction remains controversial. Gray et al. revealed that 
all mouse AIM2-like receptors (ALR, including IFI204, 
the IFI16 homolog) are dispensable for the IFN-I produc-
tion responding to transfected DNA ligands (calf thymus 
DNA, CT-DNA), DNA virus (mouse cytomegalovirus, 
MCMV) infection, and retrovirus (VSV-G pseudotyped, 
self-inactivating lentivirus) infection in mouse models 
lacking all 13 ALR sensors [34]. In addition, knockout of 
IFI16 in human primary fibroblasts does not affect IFN-I 
production during human cytomegalovirus (HCMV) infec-
tion. As we have described above, several groups have 
suggested that IFI16 confers resistance to HSV-1, KSHV, 
VV, or HIV-1 via detecting viral genomic or derived DNA 
to induce IFN-I-mediated antiviral immune responses 



7429The crosstalk between viral RNA- and DNA-sensing mechanisms  

1 3

[22–25], indicating that IFI16 may participate in sens-
ing and IFN-I production in specific cell types and/or in 
response to certain pathogens. IFI16, the IFN-inducible 
factor, directly inhibits viral transcription, LINE-1 retro-
transposition, and viral reactivation from latency during 
HIV-1 infection in primary CD4+ T cells by targeting the 
transcription factor Sp1 [33], suggesting the important 
role of IFI16 in restricting HIV-1 in an IFN-I-independent 
manner and the potential role in suppressing the spread of 
HIV/AIDS. The in-depth understanding of the roles of Sp1 
and its inhibitor, IFI16, in HIV-1 infection is imperative 
for the development of effective vaccines and therapies.

Ross’s group revealed that DDX41 preferentially detects 
the RNA:DNA intermediate generated by MLV reverse tran-
scription, and the dendritic cells (DCs) but not myeloid-
derived cells are responsible for in vivo control of virus 
infection through effectively initiating the antiviral immune 
responses [29], indicating that DDX41 and cGAS recognize 
RNA:DNA hybrid and dsDNA produced at reverse transcrip-
tion’s early and late stages, respectively. Both DDX41 and 
cGAS are required for STING-dependent IFN-I production 
during MLV infection. However, since DDX41 lacks enzy-
matic activity to produce cGAMP and activate STING, the 
underlying mechanisms of how nucleic acid-bound DDX41 
activates the STING-mediated signaling pathway need fur-
ther investigation. Interestingly, a recent study showed that 
virus-derived synthetic RNA:DNA hybrids may trigger 

TLR9-dependent IFN-I production in human macrophage 
cells and murine DCs [35], indicating that the retroviruses, 
a family of RNA viruses, can be detected by a few DNA sen-
sors to enhance the host antiviral innate immunity through 
their DNA intermediates.

Noncanonical role of STING‑mediated 
signaling in sensing and controlling RNA 
viruses

STING, as previously stated, is a key adaptor protein for 
detecting cytosolic DNA. In pioneering studies, STING 
has also been discovered as a key player in the crosstalk 
of viral DNA and RNA sensing (Fig. 1B). Several RNA 
viruses, including vesicular stomatitis virus (VSV), Sendai 
virus (SeV), influenza A virus (IAV), Japanese encepha-
litis virus (JEV), and retroviruses, could be detected via 
STING signaling pathways [27, 36–39]. Previous studies 
have demonstrated that the STING localizes to the outer 
membrane of mitochondria and can be activated via inter-
acting with the RLR signaling pathway downstream adaptor 
MAVS [39, 40]. Accumulating evidence showed that STING 
could directly transmit RIG-I-MAVS-mediated signals, acti-
vated by dsRNA or ssRNA of VSV/SeV/JEV, to promote 
IFN-I production [37–39]. Surprisingly, AT-rich dsDNA of 
HSV-1 or EBV is transcribed into 5ʹ-ppp dsRNA to initiate 

Fig. 1  DNA sensor-mediated detection of RNA viruses. A DNA sen-
sors mediated the detection of retroviruses. Both retroviral dsDNA 
and ssDNA activate cGAS-STING-mediated IFN-I response. The 
HIV-1 ssDNA initiates IFI16-mediated IFN-I production. Both 
TLR9 and DDX41 sense DNA:RNA hybrids of synthesis and MLV, 
respectively. B STING-mediated recognition and restriction of RNA 
viruses. STING interacts with RIG-I and MAVS to promote IFN-I 
response against RNA viruses, such as Sev, VSV, and JEV. IAV initi-
ates cGAS-independent STING activation via the membrane fusion 

process. Early pharmacological activation of STING restricts SARS-
CoV-2, which in turn encodes several proteins to inhibit STING func-
tion. C The emerging antiviral function of IFI16 in RNA virus infec-
tion. IFI16 directly interacts with the genomic RNA of both CHIKV 
and IAV to suppress CHIKV infection and enhance RIG-I-mediated 
IFN-I production. IFI16 also directly binds MAVS and IRF7 to pro-
mote and inhibit IFN-I response to PPRSV-2 and HCV et al., respec-
tively. Besides, IFI16 promotes the RNA Pol II recruitment to IFN-α 
promoter to enhance IFN-α expression
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RIG-I-MAVS-STING-mediated IFN-I production [41, 42]. 
However, the underlying mechanism by which STING par-
ticipates in this process remains unknown, and several DNA 
viruses with AT-rich genome can activate RNA-mediated 
signaling pathways in a RIG-I-MAVS-STING-independ-
ent manner, which will be discussed later. Strikingly, the 
membranes fusion between IAV and host cell can initiate 
cGAS-independent STING activation to trigger IFN-I pro-
duction, which can be suppressed by IAV hemagglutinin 
fusion peptide (FP) via directly interacting with STING 
to inhibit its dimerization and TBK1 activation [36]. How 
innate immune systems detect the membrane fusion of the 
virus with the host to trigger STING-dependent signaling is 
not yet understood.

Nonetheless, the role of STING in IFN-I production 
during RNA virus infections is still controversial. Several 
studies have found that the lack of STING significantly 
reduces IFN-I production induced by VSV or Sev infection 
in humans and murine [40, 43]. On the other hand, some 
investigations have found that during SeV or VSV infection, 
STING impairment did not affect IFN-I production [44, 45]. 
Hence, the role of STING in RNA virus-mediated IFN-I 
production might be a virus- or cell-type-dependent manner. 
Furthermore, the activation of RIG-I by SeV or 5ʹ pppRNA 
promotes STING expression [46]. These results suggested 
that the STING may play a pivotal role in antagonizing RNA 
viruses.

A recent study showed that STING plays an indispensable 
role in inhibiting the replication of several RNA viruses in 
murine fibroblasts [44]. The function of STING in estab-
lishing an antiviral state in the VSV infection model is 
strongly connected to its capacity to influence the transla-
tion initiation of both host and viral genes but not its ability 
to modulate the basal production of IFNs in uninfected cells 
or autophagy. As a result, STING inhibits the translation 
machinery from restricting viral protein synthesis during 
RNA virus infections, resulting in decreased intracellular 
viral load. This effect may attribute to the inhibition of pro-
tein translocation by STING via interacting with the trans-
locon complex. It is worth noting that the STING-mediated 
signaling pathway also plays a crucial role in controlling 
severe acute respiratory syndrome coronavirus-2 (SARS-
CoV-2), a novel RNA virus causing pandemic disease 
COVID-19 since 2019. STING is primarily expressed in 
lung alveolar epithelial cells, endothelial cells, and spleen 
cells, the primary targets in COVID-19 pathogenesis [47]. 
Recent studies showed that the early activation of STING 
by diABZI, diABZI-4, or CDG SF restricts SARS-CoV-2 
infection in human cells and mice in vivo through both IFN-
dependent and -independent mechanisms [48–50], suggest-
ing that the early activation of STING induces downstream 
IFN-I and ISGs that protect the host from SARS-CoV-2 
infection.

Interestingly, several groups demonstrated that coronavi-
ruses could encode viral proteins to impair STING function. 
Chen’s group has shown that the SARS-CoV papain-like 
protease suppressed the IFN-I production via binding and 
disrupting the STING-TRAF3-TBK1 complex to inhibit 
IRF3 activation [51]. Wang’s and Yu’s groups have reported 
recently that the 3CL, ORF3a, and ORF9b of SARS‐CoV‐2 
can antagonize the STING function [52, 53]. As a result, to 
evade antiviral immunity, SARS-CoV-2 suppresses the early 
activation of STING by encoding numerous viral proteins. 
STING activation prevented SARS‐CoV‐2 infection, sug-
gesting that RNA viruses might activate STING-mediated 
antiviral innate immunity. We hypothesized that the STING 
might detect the SARS-CoV-2 through the unknown mecha-
nisms to initiate antiviral immunity, which would be sub-
stantially inhibited by numerous SARS-CoV-2 proteins to 
allow viral replication and infection. To reveal the underly-
ing mechanisms of activated STING-mediated inhibition of 
SARS-CoV-2 will help develop novel therapeutics against 
SARS-CoV-2.

The emerging crucial function of IFI16 in innate 
immune responses to RNA viruses

Besides sensing the DNA intermediates generated by retro-
viral replication to activate STING-mediated IFN-I response, 
IFI16 plays a crucial role in detecting other RNA virus infec-
tions (Fig. 1C). A recent study implicated novel mechanisms 
for sensing RNA viruses by IFI16 (identified as a DNA sen-
sor). Jiang et al. proposed that upon IAV infection, IFI16 
directly interacts with both IAV RNA and host RIG-I to 
magnify RIG-I-mediated IFN-I production through promot-
ing K63-linked polyubiquitination of RIG-I [54], suggesting 
that IFI16 is an RNA-binding protein (RBP) to sense viral 
RNA during IAV infection. Furthermore, IFI16 substantially 
enhances the RIG-I transcription by binding and recruiting 
RNA Pol II to the RIG-I promoter [54]. They revealed that 
the IFI16 enhances the sensitivity of RIG-I signaling via 
multiple regulatory mechanisms. Remarkedly, IFI16 also 
plays a pivotal role in the tight regulation of the IFN/ISG 
signaling pathway. Chang et al. recently demonstrated that 
IFI16 directly binds MAVS to promote MAVS-mediated 
IFN-I production and efficiently restricts the replication 
of porcine reproductive and respiratory syndrome virus 2 
(PPRSV-2) in MARC-145 cells [55]. It has been reported 
that in SeV-infected THP1 cells, IFI16 directly affects the 
transcription of IFN-α through promoting the RNA poly-
merase (Pol) II basal recruitment to the promoter of IFN-α 
[56]. It remains to be determined how IFI16 increases RNA 
Pol II loading on IFN-α promoter. However, recent studies 
have revealed that in mouse hepatitis coronavirus (HCV) 
or SeV infected, poly(I:C) or ssPolyU transfected NIH3T3 
cells or marrow-derived DCs, the murine orthologue of 
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IFI16 (IFI204) directly associates with the DNA binding 
domain (DBD) of IRF7 and thus prevents IRF7 from pro-
moter binding to inhibit the IRF7-mediated IFN-I produc-
tion substantially [57], indicating a novel negative regulation 
of IFN-I by IFI16 during viral infection. Interestingly, Kim 
et al. found that IFI16 directly interacted with chikungunya 
virus (CHIKV) genomic RNA via the VIR-CLASP tech-
nique (VIRal Cross-Linking And Solid-phase Purification) 
and inhibited viral replication and maturation [58]. However, 
the underlying mechanisms of how IFI16 bound viral RNA 
and inhibited IFN-I production are still elusive.

RNA sensor‑mediated DNA virus recognition

RIG‑I‑mediated sensing of DNA viruses

It has been reported that RIG-I-mediated detection of DNA 
viruses is RNA Pol III dependent and independent (Fig. 2A). 

As described above, AT-rich dsDNA from HSV-1 or EBV 
may be transcribed to dsRNA with a 5' triphosphate end 
group to trigger RIG-I-MAVS-STING-axis-mediated IFN-I 
production, which is RNA Pol III-dependent. Chiu et al. 
treated the Raw264.7 cells or B95-8 cells (human B cell 
line) with ML-60218 to inhibit RNA Pol III before infecting 
them with adenovirus/HSV-1 or EBV [41]. They found that 
the inhibition of RNA Pol III significantly reduced IFN-I 
induction during adenovirus, HSV-1, or EBV infection. They 
further employed radiolabeled poly(A-U) RNA probe to 
identify the poly(A-U) RNA in the RIG-I complex isolated 
from poly(dA-dT) but not mock-transfected cells, suggesting 
that poly(dA-dT) directs the synthesis of poly(A-U) RNA, 
subsequently recognized by RIG-I to induce IFN-I produc-
tion via RIG-I-MAVS-STING-axis. This report first delin-
eated a mechanism linking DNA sensing with the RIG-I 
pathway. Besides, Invertebrate Iridescent Virus 6 (IIV-6) 
is a DNA virus of the Iridoviridae family with a genome 
that is 71% AT [59]. Several studies have indicated that the 

Fig. 2  Sensing DNA viruses by RNA sensors. A RIG-I-mediated 
detection of DNA viruses. After HSV-1, EBV, or IIV-6 infection, the 
RNA Pol III-mediated transcription of AT-rich dsDNA to AU-rich 
dsRNA further triggers RIG-I-MAVS-STING-axis-mediated IFN-I 
production. Both RIG-I and MDA5 recognized host-derived dsRNA 
directed by KSHV dsDNA to trigger IFN-I response. MV activates 
RIG-I-mediated IFN-I production through unrevealed mechanisms. 
B Other RNA-sensing machinery for identifying DNA viruses. RNA 
Pol III is responsible for converting AT-rich DNA into RNA PAMP 

to trigger proper IFN-I production during VZV infection through 
an unrevealed RNA-sensing mechanism. The MDA5 and TLR3 are 
also responsible for detecting the intermediate RNA directed by the 
HSV-1 dsDNA to initiate IFN-I response. Besides, the engagement 
of cGAS-STING and TLR3 pathways by TRIF amplifies the antivi-
ral responses against HIV-1. The TLR8 identifies the ssRNA directed 
by VV dsDNA to trigger MyD88-dependent IFN-I induction. The 
MDA5 also senses the dsRNA directed by MVA dsDNA to induce 
IFN-I production
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IIV-6 could be sensed by RIG-I (the orthologue in Dros-
ophila is Dicer-2) and elicit a powerful antiviral response 
[60, 61]. Goodman’s group suggested that IIV-6-induced 
IFN-I production in mammalian cells was also RNA Pol III 
dependent [61].

Accumulating studies have shown that RIG-I and MAVS 
are required for KSHV, a large double-stranded DNA virus, 
to induce IFN-I [62]. A recent study on RLR-dependent 
sensing of KSHV has revealed that either MDA5 and RIG-I 
or RIG-I alone are responsible for detecting host-derived 
RNAs directed by the KSHV genome [63, 64]. Karijolich’s 
group showed that MDA5 and RIG-I recognized distinct fea-
tures of RNAs, and MDA5 induced more potent antiviral 
immunity via canonical and noncanonical signaling path-
ways [63]. Notably, the RIG-I-mediated IFN-I production 
during KSHV infection is RNA Pol III independent [64]. 
In KSHV-infected 293T cells, inhibiting or depleting RNA 
Pol III did not affect IFN-I production. Furthermore, Wang 
et al. previously demonstrated that the myxoma virus (MV), 
a large cytoplasmic DNA virus, could be mainly detected 
by RIG-I to initiate IFN-I production in primary human 
macrophages (pHMs) [65]. However, they did not reveal 
the underlying mechanisms by which RIG-I detects signals 
from the MV genome.

Other RNA‑sensing machinery detects DNA viruses

Except for RIG-I, the host bears other RNA sensors recog-
nizing DNA viruses (Fig. 2B). Employing a whole-exome 
sequencing approach, Mogenson’s group has shown that 
pediatric patients with mutations in the subunits of RNA 
Pol III (POLR3A and/or POLR3C) are predisposed to severe 
varicella-zoster virus (VZV) infection [66]. The AT con-
tent of the VZV genomic sequence ranges from 70 to 80%. 
They further demonstrated that mutations of RNA Pol III 
reduced the capacity to convert AT-rich DNA into RNA 
PAMP to trigger proper IFN-I production during VZV infec-
tion, although which RNA-sensing mechanism was involved 
in this process remains unknown. Subsequent studies on 
adult patients revealed that mutations in the RNA Pol III 
machinery significantly affected VZV infection control [67, 
68]. Their findings provided genetic and immunologic evi-
dence of a role for RNA sensors in controlling DNA virus 
in humans.

Furthermore, the intermediate RNA directed by the 
HSV-1 genome can also be detected in RIG-I-independent 
manners. Previous studies have shown that upon HSV-1/2 
infection, MDA5 is required for IFN-I production in human 
but not murine macrophages and that the MDA5 and RIG-I 
work synergistically in detecting viral RNA to trigger IFN-I 
production [69–71]. Recent findings showed that the func-
tion of TLR3 on sensing HSV-1 dsRNA to elicit antiviral 
immunity remains disputed in various cell types and species 

[72]. Strikingly, the Sen’s group recently revealed that the 
TRIF could combine cGAS-STING and TLR3 pathways by 
engaging with both STING and TLR3 to establish a power-
fully antiviral state to suppress HSV-1 replication [73]. The 
contribution of these two pathways in controlling HSV-1 
infection is also cell types and species specific.

The VV dsDNA genome is likewise abundant in 
poly(A)/T sequences. When plasmacytoid dendritic cells 
(pDCs) were stimulated with VV or VV DNA, the IFN-I 
production and pDCs activation were mediated by TLR8 
but not TLR7/9 via recognition of poly(A)/T-rich motifs to 
restrict viral infection efficiently [74]. This work identified a 
previously unappreciated role for TLR8 in detecting AT-rich 
DNA virus and revealed a unique strategy of TLR8-medi-
ated pDC activation for restricting VV infection. The MDA5 
is also responsible for sensing the dsRNA generated from 
the genome of Modified VV Ankara (MVA), an attenuated 
double-stranded DNA poxvirus, to initiate IFN-I production 
in macrophage, which is beneficial for designing MVA vac-
cine vectors with improved immunogenicity [75].

Concluding remarks

Viruses remain a major danger to world health, particularly 
the SARS-CoV-2 strain that has been circulating in recent 
years. Despite the incremental progress made in understand-
ing the multiple DNA/RNA sensor-mediated innate immune 
responses to viral infection, many critical unknowns remain 
about the overlap between DNA- and RNA-sensing mecha-
nisms. The crosstalk between DNA- and RNA-sensing 
mechanisms enables the host to detect infection through-
out the viral life cycle to eliminate invading pathogens and 
effectively prevent impairment to the host. Interestingly, 
viruses adopt numerous strategies to evade host antiviral 
innate immunity via suppressing this overlap [76]. Advances 
in these areas would facilitate developing viral vaccines or 
adjuvants and therapeutics that selectively target nucleic acid 
sensors. This review highlights the interrelationship between 
viral DNA- and RNA-sensing mechanisms. Further com-
prehensive elucidation of this crosstalk is expected to have 
far-reaching consequences.
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