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Editorial on the Research Topic
Oral neutrophils - the good, the bad, and the ugly

1 Introduction

Historically, all oral mucosa diseases due to non-specific symbiotic flora have been
considered topical diseases. In the last two decades, this vision has been embodied by the
idea of dysbiosis. However, the concept of dysbiosis as a pathogenic factor became very
controversial in the last decade (1). Otherwise, the host microbiome is presently seen as the
normal environment of the host, whereby both are in state of symbiosis and permanent
interactions. The host controls its symbionts and if this fails, disease or even host death may
occur. The control on symbionts is accomplished by both innate and adaptive immunity. In the
oral mucosa the major defenders of the innate immune system are neutrophils and neutrophil
extracellular traps (NETs). So, non-specific oral mucosa inflammation is caused by the
symbiont flora when the innate immunity is dysregulated, due to either inborn immune
defects, or acquired ones. In both cases, these immune defects can affect neutrophils. The
former are characterised by insufficiency or lack of neutrophils in gingiva (2, 3) or by reduced
NET formation on oral mucosal surfaces (4, 5), the latter by heavy neutrophil infiltration (6)
and neutrophil hyper-responsiveness (7, 8). Over the last ten years, the conception of trained
immunity (TI) has been developed (9, 10) and the inadequate host response has been denoted
maladaptive TI (11). TI confers partial “autonomy” on neutrophils that does not underlie the
direct control of adaptive immunity and dysregulated TI can harm gingiva and periodontium
(12). The maladaptive TI, which is epigenetically encoded in haematopoietic stem and
progenitor cells (HSPCs), causes neutrophil hyper-responsiveness. The latter dysregulates
their immune response, which underlies the pathogenesis of periodontitis with late-onset.
Transfusion of HSPCs, which are responsible for TI, from mice with ligature-induced
periodontitis into healthy animals causes periodontitis, even without dysbiosis (8).
Periodontitis with late-onset affects more than 60% of humans (13) and represent the largest
share of all oral mucosal diseases. Periodontitis, its pathogenesis, the role of neutrophils, NETs
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and maladaptive TI has been reviewed by Vitkov et al. The neutrophil
proneness to form NETs on mucosal surfaces as well as NET roles,
detection, and visualisation have been described by Li et al.

2 Interconnection between oral
disorders and other diseases

As periodontitis is a systemic low-grade inflammatory (LGI)
disease (12, 14), implications can be expected in other organs.
Irwandi et al. discussed the contribution of periodontitis to the onset,
progression, and complications of atherosclerotic cardiovascular
diseases. In addition, infectious diseases characterised by
overproduction of NETs, like COVID-19 (15), are also aggravated in
periodontitis (16), and is caused by maladaptive TI (17). Heterogeneity
of neutrophils and inflammatory responses in patients with COVID-19
and healthy controls have been studied by Xu et al., Hornigold et al.
reported the age-related decline in the resistance of mice to bacterial
infection and in LPS/TLR4 pathway-dependent neutrophil responses.
The implications of this senescence-related decline in responsiveness
may contribute to exacerbating the transient bacteraemia associated
with periodontitis (12). Tang et al. demonstrated that in acute stress the
enriched transcripts were mainly related to inflammation, defence,
wounding, wound healing, complement activation and pro-
inflammatory cytokine production. Additionally, the concentration of
IL-1b, IL-6 and neutrophil number in peripheral blood increased
significantly after acute stress, indicating the immunity transition
into an inflammatory state. In sum, acute stress led to rapid
mobilisation of the immune system. The body presented an
inflammatory state dominated by an innate immune response
represented by neutrophils. These findings suggest that stress may be
an important contributor to onset and progression of periodontitis.
Siddiqui et al. studied the periodontal neuropeptide Substance P (SP)
and its role on host responses and bone loss in ligature-induced
periodontitis. Deletion of tachykinin precursor 1 (Tacl), a gene
encodes SP, or treatment of gingiva with SP antagonist significantly
reduced bone loss in ligature-induced periodontitis. Ligature-induced
recruitment of leukocytes, including neutrophils, and increase in
cytokines leading to bone loss in periodontium was significantly
lower in Tacl knockout mice. Furthermore, intragingival injection of
SP, but not neurokinin A, induced a vigorous inflammatory response
and osteoclast activation in alveolar bone and facilitated bone loss in
ligature-induced periodontitis. These data suggest that the periodontal
innervation, in particular SP, plays a significant role in regulating host
responses and bone resorption in ligature-induced periodontitis.

3 Treatment strategies

With immunological advances, a number of treatment strategies
have been introduced to combat neutrophil inflammatory responses
and to reverse maladaptive T This enables geroscientific strategies for
periodontal rejuvenation and periodontal bone restoration (18).
Another treatment possibility in periodontitis might be suppression
of NET formation. As summarised by Liu et al., therapies targeting
NETs can be segmented into two categories: degradation/
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destabilization of NETs, and the inhibition of NETs formation. Due
to adverse side effects, most treatment options are not justified for the
treatment of periodontitis.

In patients with antithrombotic prophylaxis employing low
molecular weight heparins, a possible benefit for periodontitis can
be expected, as they reportedly reduce NET's formation and dissociate
histones from the chromatin backbone of NETs, as resumed by Liu
et al. However, any clinical studies on low molecular weight heparins
in periodontitis are lacking. Irwandi et al. summarised that novel and
targeted approaches to manipulate neutrophil numbers and functions
are warranted within the context of the treatment of periodontitis and
also to mitigate its potential impact on other LGI disease. However,
manipulation of neutrophil numbers is no mild treatment option, as
demonstrated by Hebeda et al. neutrophil depletion promotes a
higher frequency of monocytes, natural killers, and T regulatory
cells, and lower frequency of cytotoxic T cells in the blood.

Additional completely new treatment approaches have been
reported. Li et al. studied inhibition effects of taurine on bacteria-
induced NADPH oxidase-dependent neutrophil extracellular traps
via TAK1/MAPK signalling pathways. Chen et al. analysed how the
ginsenoside Rg5 counteracts NETosis and inflammatory response in
neutrophils via the adenosine diphosphate receptor P2RY12 on the
platelet surface, which may pave the road for its clinical application in
inflammatory disorders. Cxcr2 plays a crucial role in phagocytic
ability, reactive oxygen species production, F-actin and o-tubulin
levels, and phosphorylation of ERK1/2 and p38 MAPK, impaired
PI3K-AKT, NF-«kB, TGFP and IFNy pathways. Therefore, Cxcr2
blockers might also be a possible option to attenuate the neutrophil
hyper-responsiveness seen in periodontitis Delobel et al.

4 Conclusion

Recently, the attention in mucosal inflammatory disease has been
shifted from the topical to systemic point of view ie., from the
concept of dental biofilm dysbiosis to that of dysregulated immunity.
The oral dysbiosis appears to be rather a corollary phenomenon of
dysregulated immunity. The neutrophils and NETSs play a crucial role
in the mucosal inflammatory diseases. Reversing the maladaptive T1I
and geroscientific strategies may aid in oral mucosal rejuvenation and
even reversion of periodontal bone loses, as recently demonstrated in
experimental animals. The prophylaxis and treatment perspectives of
oral mucosal pathology particularly periodontology largely depends
on the progress in neutrophil immunology.

Author contributions

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

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.

frontiersin.org


https://doi.org/10.3389/fimmu.2021.788766
https://doi.org/10.3389/fimmu.2022.974821
https://doi.org/10.3389/fimmu.2022.915081
https://doi.org/10.3389/fimmu.2022.970287
https://doi.org/10.3389/fimmu.2022.888415
https://doi.org/10.3389/fimmu.2022.1014296
https://doi.org/10.3389/fimmu.2023.1099017
https://doi.org/10.3389/fimmu.2022.1054753
https://doi.org/10.3389/fimmu.2022.1054753
https://doi.org/10.3389/fimmu.2022.1054753
https://doi.org/10.3389/fimmu.2022.915081
https://doi.org/10.3389/fimmu.2022.969336
https://doi.org/10.3389/fimmu.2022.927215
https://doi.org/10.3389/fimmu.2022.918476
https://doi.org/10.3389/fimmu.2022.1005551
https://doi.org/10.3389/fimmu.2023.1225210
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Vitkov et al.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated

References

1. Lee JY, Tsolis RM, Bidumler AJ. The microbiome and gut homeostasis. Science
(2022) 377(6601):eabp9960. doi: 10.1126/science.abp9960

2. Silva LM, Brenchley L, Moutsopoulos NM. Primary immunodeficiencies reveal
the essential role of tissue neutrophils in periodontitis. Immunol Rev (2019) 287
(1):226-35. doi: 10.1111/imr.12724

3. Silva LM, Doyle AD, Greenwell-Wild T, Dutzan N, Tran CL, Abusleme L, et al.
Fibrin is a critical regulator of neutrophil effector function at the oral mucosal barrier.
Science (2021) 374(6575):eabl5450. doi: 10.1126/science.abl5450

4. Sorensen OE, Clemmensen SN, Dahl SL, @stergaard O, Heegaard NH, Glenthej
A, et al. Papillon-lefévre syndrome patient reveals species-dependent requirements for
neutrophil defenses. J Clin Invest (2014) 124(10):4539-48. doi: 10.1172/JCI76009

5. Vitkov L, Hartl D, Minnich B, Hannig M. Janus-faced neutrophil extracellular
traps in periodontitis. Front Immunol (2017) 8:1404. doi: 10.3389/fimmu.2017.01404

6. Williams DW, Greenwell-Wild T, Brenchley L, Dutzan N, Overmiller A, Sawaya
AP, et al. Human oral mucosa cell atlas reveals a stromal-neutrophil axis regulating
tissue immunity. Cell (2021) 184(15):4090-104 e15. doi: 10.1016/j.cell.2021.05.013

7. Matthews JB, Wright HJ, Roberts A, Ling-Mountford N, Cooper PR, Chapple
ILC. Neutrophil hyper-responsiveness in periodontitis. ] Dental Res (2007) 86(8):718-
22. doi: 10.1177/154405910708600806

8. Li X, Wang H, Yu X, Saha G, Kalafati L, Ioannidis C, et al. Maladaptive innate
immune training of myelopoiesis links inflammatory comorbidities. Cell (2022) 185
(10):1709-27 e18. doi: 10.1016/j.cell.2022.03.043

9. Goodridge HS, Ahmed SS, Curtis N, Kollmann TR, Levy O, Netea MG, et al.
Harnessing the beneficial heterologous effects of vaccination. Nat Rev Immunol (2016)
16(6):392-400. doi: 10.1038/nri.2016.43

10. Netea MG, Giamarellos-Bourboulis EJ, Dominguez-Andrés ], Curtis N, van
Crevel R, van de Veerdonk FL, et al. Trained immunity: a tool for reducing

Frontiers in Immunology

03

10.3389/fimmu.2023.1225210

organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

susceptibility to and the severity of SARS-CoV-2 infection. Cell (2020) 181(5):969-
77. doi: 10.1016/j.cell.2020.04.042

11. Hajishengallis G, Li X, Divaris K, Chavakis T. Maladaptive trained immunity and clonal
hematopoiesis as potential mechanistic links between periodontitis and inflammatory
comorbidities. Periodontol 2000 (2022) 89(1):215-30. doi: 10.1111/prd.12421

12. Vitkov L, Mufioz LE, Knopf J, Schauer C, Oberthaler H, Minnich B, et al.
Connection between periodontitis-induced low-grade endotoxemia and systemic
diseases: neutrophils as protagonists and targets. Int J Mol Sci (2021) 22(9):4647. doi:
10.3390/ijms22094647

13. Trindade D, Carvalho R, Machado V, Chambrone L, Mendes JJ, Botelho J.
Prevalence of periodontitis in dentate people between 2011 and 2020: a systematic
review and meta-analysis of epidemiological studies. J Clin Periodontol (2023) 50
(5):604-26. doi: 10.1111/jcpe.13769

14. Hajishengallis G, Chavakis T. Local and systemic mechanisms linking
periodontal disease and inflammatory comorbidities. Nat Rev Immunol (2021) 21
(7):426-40. doi: 10.1038/s41577-020-00488-6

15. Ackermann M, Anders HJ, Bilyy R, Bowlin GL, Daniel C, De Lorenzo R, et al.
Patients with COVID-19: in the dark-NETs of neutrophils. Cell Death Differ (2021) 28
(11):3125-39. doi: 10.1038/s41418-021-00805-z

16. Marouf N, Cai W, Said KN, Daas H, Diab H, Chinta VR, et al. Association
between periodontitis and severity of COVID-19 infection: a case-control study. J Clin
Periodontol (2021) 48(4):483-91. doi: 10.1111/jcpe.13435

17. Vitkov L, Knopf ], Krunic¢ J, Schauer C, Schoen J, Minnich B, et al. Periodontitis-
derived dark-NETs in severe covid-19. Front Immunol (2022) 13:872695. doi: 10.3389/
fimmu.2022.872695

18. An]JY, Kerns KA, Ouellette A, Robinson L, Morris HD, Kaczorowski C, et al. Rapamycin
rejuvenates oral health in aging mice. Elife (2020) 9:e54318. doi: 10.7554/eLife.54318

frontiersin.org


https://doi.org/10.1126/science.abp9960
https://doi.org/10.1111/imr.12724
https://doi.org/10.1126/science.abl5450
https://doi.org/10.1172/JCI76009
https://doi.org/10.3389/fimmu.2017.01404
https://doi.org/10.1016/j.cell.2021.05.013
https://doi.org/10.1177/154405910708600806
https://doi.org/10.1016/j.cell.2022.03.043
https://doi.org/10.1038/nri.2016.43
https://doi.org/10.1016/j.cell.2020.04.042
https://doi.org/10.1111/prd.12421
https://doi.org/10.3390/ijms22094647
https://doi.org/10.1111/jcpe.13769
https://doi.org/10.1038/s41577-020-00488-6
https://doi.org/10.1038/s41418-021-00805-z
https://doi.org/10.1111/jcpe.13435
https://doi.org/10.3389/fimmu.2022.872695
https://doi.org/10.3389/fimmu.2022.872695
https://doi.org/10.7554/eLife.54318
https://doi.org/10.3389/fimmu.2023.1225210
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Editorial: Oral neutrophils - the good, the bad, and the ugly
	1 Introduction
	2 Interconnection between oral disorders and other diseases
	3 Treatment strategies
	4 Conclusion
	Author contributions
	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 /sRGB
  /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 false
  /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 false
  /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 false
  /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


