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Editorial on the Research Topic

Adaptive immunity in atherosclerosis

Atherosclerosis, the main underlying condition of acute cardiovascular events, has
traditionally been regarded and treated as a disease caused by perturbed lipid homeostasis.
Clinical trials in the last decade, however, have highlighted the critical role of chronic
inflammation on disease outcomes. The adaptive immune system plays a critical role in
propagating and regulating inflammation and may allow new, more specific, intervention
strategies for atherosclerosis. The advent of new immunological techniques such as single-
cell RNA sequencing, spectral flow cytometry, and mass cytometry has greatly expanded
our insights into adaptive immune systems’ role in atherosclerosis development,
progression and perhaps regression. With the subsequent detection of autoantibodies
and autoreactive T-cells specific to cardiovascular patients, we now face the realization that
atherosclerosis shares major commonalities with autoimmune diseases and could be
treated as such. This greatly expands the therapeutic horizons for this disease.

Recent studies have shown that atherosclerosis is accompanied by a loss of tolerance
(1, 2). This discovery has become possible through new technologies for paired TCRo. and
TCRP sequencing using single-cell RNA-sequencing technology, thus defining clonotypes.
This allows the determination of clonality, finding expanded clones, and understanding
their phenotype. Modern tools to classify TCR sequences help make sense of the clonal
expansion observed in atherosclerosis.

This Research Topic aims to summarize and extend the latest findings in adaptive
immunity in atherosclerosis. It encompasses eight papers: five original reports and three
reviews. The T cell papers report on single cell transcriptomes, T cell receptor (TCR)
sequences and clonality, and T cell activation by the chemokine CCL18. Vos et al. found
that T cell-specific deletion of CBL-B (CBL-B TKO) reduced atherosclerosis in the aortic
arch and root, but modestly increased plaque T cell infiltration and systemic T cell
activation. The number of CD8+ T cells in the spleen was elevated by 40% in CBL-B TKO
mice compared to controls. Interestingly, the number of CD4+ regulatory T cells (Tregs)
was elevated even more (by 80%). Tregs are known to be atheroprotective (3), suggesting
that elevated numbers may be part of the mechanism that reduces atherosclerosis in CBL-B
TKO mice. There were also markers of T cell activation and exhaustion. Iqneibi et al. used
single cell transcriptomics of peripheral blood mononuclear cells (PBMCs) from 30 human
subjects with coronary artery disease (CAD) and 30 subjects without CAD and found signs
of recent CD8 TCR engagement. This shows that the previously described evidence for
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CD8+ T cell activation in the plaque (4) is also evident in PBMCs,
which are much more accessible to clinical investigation than
plaque. Interestingly, the gene most predictive of the presence of
CAD was CTSW, a cytotoxic protease released from CD9+ T cells
during cell killing. Roy et al. focused on CD4+ T cell responses to
the known (5) atherosclerosis autoantigen apolipoprotein B
(ApoB). They found CD4+ T cell responses to some of the HLA
class-1I restricted epitopes in 6 patients with different HLA alleles.
Some ApoB-specific clones were highly expanded with up to 200
copies of the same TCRP clonotype detected, showing the potential
of these autoreactive T-cells to robustly respond to antigens. Before
these T-cell can respond to antigen however, trafficking to the
plaque is an essential mechanism, with interesting therapeutic
option to intervene in the inflammatory cascade. Singh et al.
studied the impact of CCL18 on T cell influx and polarization.
They found CCL18 upregulated in ruptured human atherosclerotic
plaques. In the ApoE knockout mouse model of atherosclerosis,
they showed that CCL18 was able to induce skin inflammation, and
this response was attenuated in CCR6-deficient mice, suggesting
that CCR6 may be (one of the) receptor(s) for CCL18 and may be
involved in driving T-cell influx into the unstable lesions.

Like T cells, B cells show enormous diversity. Bl cells are
thought to be atheroprotective and most B2 cells are thought to
be pro-atherogenic, however insights suggest their antigen
specificity may determine how disease is impact. BCR sequencing
has contributed to the identification autoreactive antibodies (6) and
pro- and anti-atherogenic B cell subsets. In this topic Pattarabanjird
et al. show the presence of a CD11c+ subset of B cells in patients
with coronary artery disease. In mice, their frequency was positively
correlated with plaque burden. In humans, more CD11c+ B cells
were found in PBMCs from subjects with CAD. In humans and in
the ApoE knockout mouse model of atherosclerosis, CD11c+ B cells
increased with age. Thus, these cells are considered age-associated B
cells (ABC). In line with these findings, Snijckers et al. explore the
adaptive immune system in atherosclerosis during aging. One
aspect of aging is immunosenescence, characterized by increase in
central memory cells, a decrease in naive T- and B cells, increased
propensity for autoimmunity and a reduced the capacity for
immune responses to new foreign antigens. They review the
effects of age on T and B cells and how these changes might affect
major adverse cardiovascular events (MACE). Adding to the topic
aging and immunity.
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Kral et al. provide a review focusing on innate lymphoid cells
(ILCs), aging and efferocytosis in the context of atherosclerosis.
They primarily reviewed ILC2, a cell type known to be
atheroprotective. ILC2 cells are involved in tissue maintenance,
repair, and type 2 inflammation. The atheroprotective effects seem
to occur in plaque and perivascular adipose tissue, but the
mechanisms remain unknown. A final review paper is provided
by Ngai et al., who review the role of efferocytosis, the process by
which macrophages take up apoptotic cells, in T cell activation. The
authors lay out some hypotheses how efferocytosis might affect the
adaptive immune system and may lead to T- and B-cell activation.

Although this Topic cannot cover all aspects of adaptive
immunity in atherosclerosis, we think it provides a good
overview. The three reviews are up-to-date primers suitable for
new investigators who wish to work in these areas. The original
articles are both interesting and timely. We hope you will enjoy
reading this Topic.

Author contributions

BS: Writing — original draft, Writing - review & editing. KL:
Writing - original draft, Writing - review & editing.

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.

Publisher’s note

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

4. Fernandez DM, Rahman AH, Fernandez NF, Chudnovskiy A, Amir ED, Amadori
L, et al. Single-cell immune landscape of human atherosclerotic plaques. Nat Med.
(2019) 25:1576-88. doi: 10.1038/s41591-019-0590-4

5. Wolf D, Gerhardt T, Winkels H, Michel NA, Pramod AB, Ghosheh Y, et al.
Pathogenic autoimmunity in atherosclerosis evolves from initially protective
apolipoprotein B100-reactive CD4(+) T-regulatory cells. Circulation. (2020)
142:1279-93. doi: 10.1161/CIRCULATIONAHA.119.042863

6. Lorenzo C, Delgado P, Busse CE, Sanz-Bravo A, Martos-Folgado I, Bonzon-
Kulichenko E, et al. ALDH4AL is an atherosclerosis auto-antigen targeted by protective
antibodies. Nature. (2021) 589:287-92. doi: 10.1038/s41586-020-2993-2

frontiersin.org


https://doi.org/10.3389/fimmu.2024.1302031
https://doi.org/10.3389/fimmu.2024.1327051
https://doi.org/10.3389/fimmu.2023.1296668
https://doi.org/10.3389/fimmu.2023.1296668
https://doi.org/10.3389/fimmu.2024.1350471
https://doi.org/10.3389/fimmu.2023.1326440
https://doi.org/10.3389/fimmu.2024.1403150
https://doi.org/10.1038/s44161-023-00218-w
https://doi.org/10.1038/s44161&ndash;022-00208&ndash;4
https://doi.org/10.1038/nm1343
https://doi.org/10.1038/s41591&ndash;019-0590&ndash;4
https://doi.org/10.1161/CIRCULATIONAHA.119.042863
https://doi.org/10.1038/s41586&ndash;020-2993&ndash;2
https://doi.org/10.3389/fimmu.2024.1440283
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Editorial: Adaptive immunity in atherosclerosis
	Author contributions
	Conflict of interest
	Publisher’s note
	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


