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Editorial on the Research Topic

Immunosenescence after sepsis
Patients with sepsis could be in a state of immune disorder in which excessive

inflammation and immunosuppression may occur simultaneously (1). Patients

experience a dysregulated host response to infection that can lead to a life-threatening

organ dysfunction. Profound and sustained immunosuppression was thought to be

responsible for susceptibility to secondary infection and increased mortality (2).

Immunosenescence was initially thought to be a series of age- related changes in the

immune system. Subsequently, it was found that low-grade chronic inflammation in age-

related diseases, such as cancer, coronavirus disease 2019 (COVID-19), neurodegenerative

diseases, and sepsis, may contribute to immunosenescence (Wang et al.). This Research

Topic explored the potential mechanism of immunosuppression in sepsis, including

immunosenescence, searched for immune-related prognostic markers, and discussed the

clinical application of immunosuppressive drugs. Our Research Topic gathered 5 articles

(including 3 original research articles, 1 review, and 1 systematic review) that could

improve the understanding of immunosuppression in sepsis.
Immune cell senescence related to organ
dysfunction in sepsis

Immune cell senescence is manifested by a decrease in number and function of

immune cells (3). Lu et al. summarized the possible mechanisms of immunosenescence and

parenchymal organ damage. Sepsis-induced oxidative stress may lead to a decrease in

cellular telomerase activity and telomere shortening. Age-related methylation in the nuclei

and mitochondrial DNA is a kind of reprogramming of immune cells, which is a significant

manifestation of immunosuppression. Otherwise, the inhibition of immune checkpoints,

such as programmed death 1 (PD-1) and cytotoxic T-lymphocyte–associated antigen 4

(CTLA-4), is considered as a method to improve immunosuppression (4). However, the

relevance of immune checkpoint regulation to immunosenescence is still worth testing.

The effects of immunosenescence on solid organs after sepsis have been observed in the

lungs, brain, heart, kidneys, and liver. Senescent immune cells in the lungs could lead to

decreased cell proliferation and impaired cytokine secretion. There’s a high susceptibility to
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lung disease. Immunosenescence could disrupt the intrinsic barrier of

the brain and release pro-inflammatory mediators. On the other

hand, immunosenescence after sepsis may lead to local myocardial

ischemia or infarction secondary to coronary artery disease and renal

dysfunction. Although liver damage appears in the early stages of

sepsis, the effect of immunosenescence on liver injury deserves

further investigation.
Inhibition of myeloid-derived
suppressor cell amplification in sepsis
may improve patient outcomes

Lu et al. also summarized the role of MDSCs in sepsis. MDSCs can

be amplified and activated by 1) emergency bone marrow generation

driven by exogenous stimuli such as infection; 2) Pathological myeloid

activation induced by the release of damage-associated molecular

patterns (DAMPs) or pathogen-associated molecular patterns

(PAMPs) in organ injury and secondary infection. In sepsis, MDSCs

inhibited the function of dendritic cells (DCs) and macrophages

(Sehgal et al.). At the same time, MDSCs reduced the diversity of

NK cells. MDSCs inhibited Th1 response but induced Th2 and

regulatory T (Treg) cells (5). Therefore, MDSC amplification is

considered as a marker of immunosuppression in sepsis.

MDSCs can be divided into two major subpopulations:

polymorphonuclear MDSCs (PMN-MDSCs) and monocyte

MDSCs (M-MDSCs). Feng et al. explored the regulatory effect of

continuous renal replacement therapy (CRRT) on MDSCs

subpopulations in pediatric sepsis. Their study represented a

significant increase in PMN-MDSCs in children with sepsis

compared to healthy children. The proportion of PMN-MDSCs

in survivors on CRRT 7th day showed a decreasing trend in

survivors. The percentage of CD8+ cells recovered and increased

on CRRT 7th day. The possible relationship between CRRT reduced

MDSCs levels and T cell activation could be investigated. They also

found that the reduction of PMN-MDSC amplification may be

related to the reduction of IL-6 levels in patients treated with CRRT.
Sepsis prognosis can be predicted by
immune genes

The search for immune markers is helpful for the treatment and

prognosis prediction of sepsis. The research of Liu et al. pointed a

novel immune gene that could be valuable for predicting the

outcome of sepsis patients. Through analysis of public databases

and validation of the sepsis patient cohort, FCGR2C was considered

to have good predictive efficacy. FCGR2C was also found to be

closely related to a variety of immune cell functions. Cytotoxic

lymphocytes were significantly increased in the sepsis death group,

and FCGR2C was negatively correlated with cytotoxic lymphocytes.

As a biomarker of bacterial infection, the role of red blood cell

distribution width (RDW) in sepsis was systematically reviewed by

Wu et al. Finally, RDW is considered to be a feasible and sensitive

biomarker for predicting mortality in patients with sepsis.
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The prognostic model of sepsis can
guide the clinical use of medications

The differentially expressed genes (DEGs) associated with

sepsis can be found by single-cell RNA sequencing (scRNA-seq)

and transcriptome RNA-seq. He et al. built a prognostic

model of sepsis with DEGs including CCL5, HBD, IFR2BP2,

LTB, and WFDC1. The risk prediction model and enrichment

analysis showed that there was a difference in the abundance of

immune cells in low - and high-risk sepsis patients. Treg cells,

CD4 memory activated T cells, resting NK cells, M0 and M2

macrophages were higher in the high-risk group than in the low-

risk group. They further analyzed immunotherapeutic targets of

commonly used immune-related drugs in sepsis, such as

immunostimulatory drugs, immunostimulatory cytokines, and

immunosuppressants. Nine target sites were identified, of which

IL-7 is considered to be the most promising immunotherapy.
Summary

The immune status of sepsis is very complex and results

from the combination of excessive inflammatory response

and immunosuppression. Our Research Topic was ranging

from mechanisms of immunosuppression, immune gene-related

prognostic indicators, to monitoring clinical drug targets in sepsis.

Immunosenescence is a novel study of sepsis immunity. We can

learn from its mechanism of action in tumor microenvironment to

further explore its influence on sepsis. As representative cells of

sepsis immunosuppression, MDSCs had been reported for the first

time to show proliferative inhibition in pediatric sepsis by CRRT

treatment. The discovery of immune-related genes may be

complementary to predict the prognosis of sepsis. Our Research

Topic provides a new idea to study the mechanism of sepsis

immunosuppression and paves the way for the clinical

transformation of sepsis immunotherapy.

We thank all authors of this Research Topic, as well as the

reviewers for their contributions.
Author contributions

XL contributed to the drafting of this Editorial. Y-QL made

critical revisions and finalized the Editorial. All authors contributed

to the article and approved the submitted version.
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.2022.917293
https://doi.org/10.3389/fimmu.2022.828949
https://doi.org/10.3389/fimmu.2022.990522
https://doi.org/10.3389/fimmu.2022.1028785
https://doi.org/10.3389/fimmu.2022.997853
https://doi.org/10.3389/fimmu.2022.888891
https://doi.org/10.3389/fimmu.2023.1177148
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Lu and Lu 10.3389/fimmu.2023.1177148
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated
Frontiers in Immunology 03
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.
References
1. Liu D, Huang SY, Sun JH, Zhang HC, Cai QL, Gao C, et al. Sepsis-induced
immunosuppression: Mechanisms, diagnosis and current treatment options. Military
Med Res (2022) 9:56. doi: 10.1186/s40779-022-00422-y

2. Torres LK, Pickkers P, van der Poll T. Sepsis-induced immunosuppression. Annu
Rev Physiol (2022) 84:157–81. doi: 10.1146/annurev-physiol-061121-040214

3. Soma T, Nagata M. Immunosenescence, inflammaging, and lung senescence in
asthma in the elderly. Biomolecules (2022) 12:1456. doi: 10.3390/biom12101456
4. Rienzo M, Skirecki T, Monneret G, Timsit JF. Immune checkpoint
inhibitors for the treatment of sepsis: Insights from preclinical and clinical
development. Expert Opin Invest Drugs (2022) 31:885–94. doi: 10.1080/
13543784.2022.2102477

5. Malavika M, Sanju S, Poorna MR, Vishnu Priya V, Sidharthan N, Varma P, et al.
Role of myeloid derived suppressor cells in sepsis. Int Immunopharmacol (2022)
104:108452. doi: 10.1016/j.intimp.2021.108452
frontiersin.org

https://doi.org/10.1186/s40779-022-00422-y
https://doi.org/10.1146/annurev-physiol-061121-040214
https://doi.org/10.3390/biom12101456
https://doi.org/10.1080/13543784.2022.2102477
https://doi.org/10.1080/13543784.2022.2102477
https://doi.org/10.1016/j.intimp.2021.108452
https://doi.org/10.3389/fimmu.2023.1177148
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Editorial: Immunosenescence after sepsis
	Immune cell senescence related to organ dysfunction in sepsis
	Inhibition of myeloid-derived suppressor cell amplification in sepsis may improve patient outcomes
	Sepsis prognosis can be predicted by immune genes
	The prognostic model of sepsis can guide the clinical use of medications
	Summary
	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


