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Editorial on the Research Topic

Sensing DNA in Antiviral Innate Immunity

The editorial team welcomes you to the specific Research Topic on “Sensing DNA in Antiviral
Innate Immunity”. We appreciate the hard work and outstanding contributions from all authors.
Effective defense mechanisms against virus infection and pathogenesis rely on a prompt and robust
induction of antiviral innate immunity. Central to antiviral innate immune responses is the
detection of evolutionarily conserved structures, termed pathogen-associated molecular patterns
(PAMPs), by a set of germline-encoded pattern-recognition receptors (PRRs) (1). In the case of
DNA virus or retrovirus infection, cytosolic viral DNA or reverse transcription intermediates (RTI)
is detected by DNA sensors cyclic GMP-AMP synthase (cGAS) as well as other cytosolic DNA
binding proteins such as interferon-gamma inducible protein 16 (IFI16) (2, 3). Conversely,
endosome-associated viral nucleic acids are recognized by toll-like receptor 7 (TLR7) and TLR9 (1).

Furthermore, a recent report identified heterogeneous nuclear ribonucleoprotein A2B1
(hnRNPA2B1) as a nuclear DNA sensor for viral double-stranded DNA, but not cellular DNA, in
the nucleus (4). Additionally, cGAS is recently reported to sense nuclear DNA (5–11). Following the
detection of specific viral PAMPs, PRRs trigger the activation of intracellular signaling cascades,
ultimately leading to the activation of NF-kB, interferon regulatory factor (IRF) 3 and 7, and the
production of type I interferons (IFN-I) and various inflammatory cytokines such as CXCL10, TNFa
and IL-6 (12). The antiviral program is subsequently amplified by paracrine and autocrine signaling of
IFN through IFN receptors and Janus kinase (JAK)-signal transducer and activator of transcription
(STAT) signaling, resulting in the induction of antiviral IFN-stimulated genes (ISGs) (13). This
Research Topic will feature different contributions providing the molecular and structural basis of
endosomal, nuclear, and cytosolic DNA sensors in antiviral response, the dynamic regulations of DNA
sensors and their adaptor protein activation, trafficking, and post-translational modifications, and
virus evasion of the host DNA-sensing antiviral innate immune responses. These approaches could
contribute to the development of novel antiviral therapies and oncolytic viruses in the future.
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Zahid et al. introduced the PAMPs, PRRs, and the sources of
cytotoxic DNA. The authors showed the structures of endosomal
and cytosolic DNA sensors alone or complexed with DNA to
provide insights on how binding the DNA to these sensors triggers
the signaling pathways to activate the antiviral immune responses.
They focused on the endosomal DNA sensor TLR9 and multiple
cytosolic DNA sensors, including cGAS, IFI16, absent in melanoma
2 (AIM2), and DNA-dependent activator IRFs (DAI). The authors
also covered other cytosolic DNA sensors, including DEAD-box
helicase DDX41, RNA polymerase III, DNA-dependent protein
kinase (DNA-PK), and meiotic recombination 11 homolog A
(MRE11), as well as adaptor protein stimulator of interferon
genes (STING).

To ensure successful antiviral defenses and avoid aberrant or
dysregulation of host immune signaling, antiviral pathways need
to be tightly regulated. PRRs and their adaptor proteins are
regulated at multiple levels. Two papers have discussed the recent
advances in DNA sensors’ dynamic regulations and their adaptor
protein STING. Zheng described the role of TLR9 dimerization,
trafficking, and a multiprotein signaling complex formation in
regulating endosomal DNA-sensing signaling. He also provided
an update on the role of STING trafficking and polymerization in
cGAS-STING signaling, how cellular proteins involve in cGAS-
STING activation, and the evasion of cGAS-STING signaling
by DNA viruses. Li et al. focused on trafficking and post-
translational modifications in STING activation. They also
summarized the proteins encoded by different DNA and RNA
viruses to inhibit the intracellular trafficking and STING
signaling activation.

Recent studies have identified nucleus-localized DNA and
RNA sensors to detect pathogenic nucleic acids for triggering
antiviral innate immune responses. IFI16, hnRNPA2B1, and
nuclear cGAS are all defined as possible sensors for nuclear
DNA that is unwinded from histone complexes. Zhang et al.
summarized the recent advances in identifying nuclear DNA
sensors IFI16, hnRNPA2B1, and nuclear cGAS and their
roles in regulating antiviral innate immune responses and
tumorigenesis. The authors also discussed the transcriptional,
post-transcriptional, and post-translational regulations of these
nuclear DNA sensors.

Viruses have evolved various strategies to inhibit and subvert
the host’s antiviral immune responses. Three papers have been
contributed to discuss recent advances in DNA viruses-induced
and antagonize innate immune responses via DNA sensors.
Zhao et al. reviewed how herpes simplex viruses (HSVs) are
detected by the cytosolic DNA sensor cGAS-STING, IFI16,
AIM2, and DAI, and how HSV-encoded proteins antagonize
the signaling pathways triggered by DNA sensors. The authors
also provided an overview of RIG-I-like receptors (RLRs) and
protein kinase R (PKR) in the antiviral immune responses
against HSVs. A paper from El-Jesr et al. and another paper
from Lu and Zhang reviewed the latest studies on how the
cytosolic DNA sensors recognize vaccinia virus (VACV) and
trigger the activation of innate immune responses, and the
strategies evolved by VACV to antagonize innate immune
responses induced via cytosolic DNA sensing pathways.
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In a large genome-wide association study (GWAS) of the
immune responses to primary smallpox vaccination, Kennedy
et al. reported a cluster of SNPs on chromosome 5 (5q31.2) that
were significantly associated with IFNa response to in vitro
poxvirus stimulation. The authors identified rs1131769, a non-
synonymous SNP in TMEM173 causing an Arg-to-His change at
position 232 in the STING protein (H232 STING), as a major
regulator of cGAS-mediated IFN-I production. Compared to
R232 homozygote, H232 homozygote has a 90% reduction in
cGAMP-mediated IFNa secretion. Molecular modeling revealed
that H232 has greater structural flexibility and mobility of the
ligand-binding loop.

Cytosolic DNA sensors have not been studied in livestock
animals. Zheng et al. reported the characterization of porcine
cGAS, STING, and IFI16 and measured the function of porcine
cGAS, STING, and IFI16 in regulating IFN-I, cytokine, and ISG
gene expression. Porcine cGAS-STING signaling triggers the
antiviral responses, while porcine IFI16 competitively binds
with agonist DNA and STING to inhibit cGAS-STING
signaling. Oliveira et al. used chicken macrophage-like cell line
HD11 to characterize the function of cGAS-STING signaling in
chicken. Knockout studies demonstrated that chicken cGAS-
STING was essential for fowlpox- and intracellular DNA-
induced IFN-I responses in chicken macrophage-like cells.
Furthermore, chicken cGAS-STING signaling is also required
for the regulation of macrophage effector functions.

The goal of our understanding of antiviral immune responses is
to develop new therapeutics. Given that viral PAMP-PRR
interaction is the initial trigger of the innate and adaptive
immune response, an attractive strategy for developing an
efficient therapy to inhibit virus replication is natural or
synthetic molecules that mimic the viral PAMPs to activate the
host innate immune defense. Shao et al. reported that poly(dA:dT)
treatment induced the expression of IFNs and the multiple
antiviral ISGs in the cervical epithelial cells and significantly
inhibited HSV-2 infection. It has been demonstrated that poly
(dA:dT) can be transcribed into a 5’pppRNA in the host cells,
triggering RIG-I-dependent antiviral responses. The authors
showed that knockout of RIG-I significantly compromised poly
(dA:dT)-mediated activation of IFN signaling and inhibition of
HSV-2 infection. With an alternative approach, Abraham et al.
performed a high throughput screen to identify novel small
molecules capable of stimulating IFN-I production. The
authors reported a small molecule termed M04 that can activate
a STING-dependent IFN-I production in human cells.
Mechanistically, M04 induced STING phosphorylation and ER-
Golgi trafficking.

Constitutive active mutation of STING is associated with the
clinical syndrome known as STING-associated vasculopathy
with onset in infancy (SAVI). Berthelot et al. reviewed the
similarities between T and B cell responses in severe
coronavirus disease 2019 (COVID-19) and human or animal
models of SAVI syndromes. The authors proposed that a delayed
overactivation of cGAS-STING signaling could play a central
role in COVID-19 pathogenesis. Three potential models for
SARS-CoV-2 mediated STING activation were discussed.
July 2021 | Volume 12 | Article 644310

https://doi.org/10.3389/fimmu.2020.613039
https://doi.org/10.3389/fimmu.2020.01255
https://doi.org/10.3389/fimmu.2020.02064
https://doi.org/10.3389/fimmu.2020.624556
https://doi.org/10.3389/fimmu.2020.613799
https://doi.org/10.3389/fimmu.2020.568412
https://doi.org/10.3389/fimmu.2020.01637
https://doi.org/10.3389/fimmu.2020.567348
https://doi.org/10.3389/fimmu.2020.567348
https://doi.org/10.3389/fimmu.2020.01669
https://doi.org/10.3389/fimmu.2020.613079
https://doi.org/10.3389/fimmu.2020.598884
https://doi.org/10.3389/fimmu.2020.01430
https://doi.org/10.3389/fimmu.2020.607069
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Lin et al. Editorial: Sensing DNA in Antiviral Innate Immunity
AUTHOR CONTRIBUTIONS

All authors listed have made a substantial, direct, and intellectual
contribution to the work and approved it for publication.
FUNDING

Grant supports for this work: (1) RL lab is supported by the
Canadian Institutes of Health Research grant (PJT-148657).
Frontiers in Immunology | www.frontiersin.org 3
(2) JX lab is supported by the American Heart Association
Career Development Award 20CDA35260116 (Xing). (3) CZ
lab is supported by the National Natural Science Foundation of
China (82072263).
ACKNOWLEDGMENTS

We thank all the authors for contributing to this Research Topic.
REFERENCES

1. Kawai T, Akira S. The Role of Pattern-Recognition Receptors in Innate
Immunity: Update on Toll-Like Receptors. Nat Immunol (2010) 11:373–84.
doi: 10.1038/ni.1863

2. Chen Q, Sun L, Chen ZJ. Regulation and Function of the cGAS-STING Pathway
of Cytosolic DNA Sensing. Nat Immunol (2016) 17:1142–9. doi: 10.1038/ni.3558

3. Unterholzner L, Keating SE, Baran M, Horan KA, Jensen SB, Sharma S, et al.
IFI16 Is an Innate Immune Sensor for Intracellular DNA. Nat Immunol
(2010) 11:997–1004. doi: 10.1038/ni.1932

4. Wang L, Wen M, Cao X. Nuclear Hnrnpa2b1 Initiates and Amplifies the
Innate Immune Response to DNA Viruses. Science (2019) 365(6454):
eaav0758. doi: 10.1126/science.aav0758

5. Zierhut C, Yamaguchi N, Paredes M, Luo JD, Carroll T, Funabiki H. The
Cytoplasmic DNA Sensor cGAS Promotes Mitotic Cell Deat. Cell (2019)
178:302–15.e323. doi: 10.1016/j.cell.2019.05.035

6. Liu H, Zhang H, Wu X, Ma D, Wu J, Wang L, et al. Nuclear cGAS Suppresses
DNA Repair and Promotes Tumorigenesis. Nature (2018) 563:131–6.
doi: 10.1038/s41586-018-0629-6

7. Volkman HE, Cambier S, Gray EE, Stetson DB. Tight Nuclear Tethering of
cGAS Is Essential for Preventing Autoreactivity. Elife (2019) 8:e47491.
doi: 10.7554/eLife.47491

8. Zhao B, Xu P, Rowlett CM, Jing T, Shinde O, Lei Y, et al. The Molecular Basis
of Tight Nuclear Tethering and Inactivation of cGAS. Nature (2020) 587:673–
7. doi: 10.1038/s41586-020-2749-z
9. Michalski S, de Oliveira Mann CC, Stafford CA, Witte G, Bartho J, Lammens
K, et al. Structural Basis for Sequestration and Autoinhibition of cGAS by
Chromatin. Nature (2020) 587:678–82. doi: 10.1038/s41586-020-2748-0

10. Pathare GR, Decout A, Glück S, Cavadini S, Makasheva K, Hovius R, et al.
Structural Mechanism of cGAS Inhibition by The Nucleosome. Nature (2020)
587:668–72. doi: 10.1038/s41586-020-2750-6

11. Boyer JA, Spangler CJ, Strauss JD, Cesmat AP, Liu P, McGinty RK, et al.
Structural Basis of Nucleosome-Dependent cGAS Inhibition. Science (2020)
370:450–4. doi: 10.1126/science.abd0609

12. Sharma S, tenOever BR, Grandvaux N, Zhou GP, Lin RT, Hiscott J. Triggering
the Interferon Antiviral Response Through an IKK-Related Pathway. Science
(2003) 300:1148–51. doi: 10.1126/science.1081315

13. Platanias LC. Mechanisms of Type-I- and Type-II-Interferon-Mediated
Signalling. Nat Rev Immunol (2005) 5:375–86. doi: 10.1038/nri1604

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Lin, Xing and Zheng. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the original
author(s) and the copyright owner(s) are credited and that the original publication
in this journal is cited, in accordance with accepted academic practice. No use,
distribution or reproduction is permitted which does not comply with these terms.
July 2021 | Volume 12 | Article 644310

https://doi.org/10.1038/ni.1863
https://doi.org/10.1038/ni.3558
https://doi.org/10.1038/ni.1932
https://doi.org/10.1126/science.aav0758
https://doi.org/10.1016/j.cell.2019.05.035
https://doi.org/10.1038/s41586-018-0629-6
https://doi.org/10.7554/eLife.47491
https://doi.org/10.1038/s41586-020-2749-z
https://doi.org/10.1038/s41586-020-2748-0
https://doi.org/10.1038/s41586-020-2750-6
https://doi.org/10.1126/science.abd0609
https://doi.org/10.1126/science.1081315
https://doi.org/10.1038/nri1604
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

	Editorial: Sensing DNA in Antiviral Innate Immunity
	Author Contributions
	Funding
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


