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Editorial on the Research Topic

Modulation of the immune system by nanoparticles
The immune system serves as a first line of defense against small materials such as

nanoparticles and engineered nanomaterials, but is also open to manipulation by these ultra-

small substances. Very small sized materials can interact more efficiently and on a cellular and

subcellular level (Figure 1), potentially offering a whole new avenue of therapeutic exploration

(5, 6). Conversely, these same attributes of very small particles also carry the potential to fuel

unwanted immune responses, this phenomenon best described in the field of particulate air

pollution (7). Health implications of human exposure to nanoparticles need to be considered

in tandem with immune responsiveness. While the principles and approaches to do this are

outlined elsewhere (8), this Research Topic collection serves to report some recent

developments and provides examples where immune system modulation by nanoparticles

is central to the outcomes of the intended applications.

Studies on the potential immunotoxic effects of nanoparticles remain very limited. For

example, copper oxide nanoparticles (CuO NP) are widely used in industry. Although their

potential application as an antimicrobial has been reported, their toxicity is still not well

established. In this sense, Tulinska et al. evaluated, in an original article, the effects of CuO

NPs on the immune/inflammatory response and antioxidant defense, observing that sub-

chronic inhalation of CuO NPs can cause undesired modulation of the immune response.

Other commonly used products that include nanoparticles are pigments. An original article

by Devcic et al. investigated different cobalt and zinc based pigments used in tattoos and

their potential toxic effects on macrophages. All pigments induced functional effects on

macrophages (impaired phagocytic capacity, increased secretion of cytokines), which, in

some cases, persist long after exposure even at non-toxic doses.

In view of harnessing the immunogenic potential of specific nanoparticles, Chen et al.

have compiled a concise review of the immunotherapeutic strategies involving gold

nanoparticle based platforms targeting breast cancers. In this sense, Hrvat et al., studied

calcium phosphate nanoparticles (CaP-NP) for the delivery of therapeutic molecules in

cancer therapies. This original work investigated the effects of CaP-NP and CaP-NP

transporting therapeutic antibodies on natural killer (NK) cell activation in ovarian cancer

cell line models. The review by Chen et al. provides an in depth view of the current research

into the immune-regulatory effects of Selenium nanoparticles and their immunotherapeutic
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potential. As well as providing an insightful view into the current

limitations and challenges in the successful application of Selenium

nanoparticles, many of which apply to the therapeutic use of

nanoparticles in general. The use of Bilirubin nanoparticles to

diminish initial tissue damage in graft versus host responses in a

murine mis-matched transplantation model is described in the

original research by Pareek et al.

Small extracellular vesicles [EV’s] are another form of small

particles with particular relevance in terms of their ability to

modulate immune responses. EV’s are lipid-bilayer particles that

are released naturally by almost all cells and function to mediate

intercellular communication via the bioactive molecules contained

within and on their surface, such as lipids, proteins, RNA and DNA

fragments (9). The bioactive messages and the cellular outcomes of

communication via EV’s are majorly dependent on the donor cell
Frontiers in Immunology 02
which produces the EV’s. Mesenchymal stem cells (MSC’s)have

been shown to modulate various innate and adaptive immune cells

and the clinical applications of MSC-EV’s in cell free liver therapies

is reviewed by Wu et al. An original research article by Thome et al.

demonstrates the use of regulatory T cell derived EV’s in the

suppression of pro-inflammatory responses in an inflammatory

mouse model.

This Research Topic aimed to further build on our current

understanding of the interactions between nanoparticles and

components of the immune system, the consequences of these

interactions and how this interplay could be exploited. As the

therapeutic application and use of nanoparticles continues to

expand, research dedicated to examining the effects of the

interactions between nanoparticles, especially ultra-small particles,

and the immune system continues to gain importance. Greater

knowledge is required to better understand the consequences of

environmental exposures, especially in the long term, and

importantly to assure the development of safe and effective

applications based on nanomaterials.
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FIGURE 1

Factors influencing cellular interactions. Nanoparticles within the
conventionally defined 1-100 nm size range have the potential to
exert a wide range of immuno-suppressive and immune-stimulatory
effects, with size, shape, charge, and surface composition all acting
to influence the outcome. Particles under 10 nm in diameter are
able to interact directly with proteins that trigger biological
responses, such as receptors (1, 2). Enhanced reactivity of very small
particles results from having large surface areas and increased band
gaps in their electronic configurations (3). Particles larger still are
effective carriers of antigen or other biologically active cargo to
immune cells (4).
frontiersin.org

https://doi.org/10.3389/fimmu.2022.893659
https://doi.org/10.3389/fimmu.2022.833878
https://doi.org/10.3389/fimmu.2022.875825
https://doi.org/10.1073/pnas.1911360117
https://doi.org/10.1021/acsnano.8b03363
https://doi.org/10.1016/j.cotox.2020.01.006
https://doi.org/10.3389/fcimb.2013.00013
https://doi.org/10.1016/j.bioadv.2022.212726
https://doi.org/10.4155/tde-2021-0006
https://doi.org/10.3389/fimmu.2023.1190966
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Hewitt et al. 10.3389/fimmu.2023.1190966
7. Glencross DA, Ho TR, Camiña N, Hawrylowicz CM, Pfeffer PE. Air pollution and
its effects on the immune system. Free RadicBiol Med (2020) 151:56–68. doi: 10.1016/
j.freeradbiomed.2020.01.179

8. Principles and methods to assess the risk of immunotoxicity associated with exposure
to nanomaterials. Geneva: World Health Organization (2019). (Environmental Health
Criteria: n. 244).
Frontiers in Immunology 03
9. Zhou X, Xie F, Wang L, Zhang L, Zhang S, FangM, et al. The function and clinical
application of extracellular vesicles in innate immune regulation. Cell MolImmunol
(2020) 17(4):323–34. doi: 10.1038/s41423-020-0391-1
frontiersin.org

https://doi.org/10.1016/j.freeradbiomed.2020.01.179
https://doi.org/10.1016/j.freeradbiomed.2020.01.179
https://doi.org/10.1038/s41423-020-0391-1
https://doi.org/10.3389/fimmu.2023.1190966
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Editorial: Modulation of the immune system by nanoparticles
	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


