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Editorial on the Research Topic

The Role of Metabolism in MSC-Mediated Immunomodulation

Multipotent mesenchymal stem/stromal cells (MSCs) are progenitor cells and exert several
functions including support of hematopoiesis, regeneration, resistance to fibrosis, apoptosis or
hypertrophy. MSCs have also immunomodulatory and immunosuppressive properties that may
explained various positive results in cell therapy for inflammatory diseases (1). MSC can affect both
the innate and the adaptive immunity (2). This immunosuppressive effect is mainly due to the
secretion of soluble factors by MSCs and by direct contact with immune cells (3). Recent advances
have established that plasticity of immune functions occurs in distinct metabolic stress features.
Evidence has accumulated to indicate that specific metabolic signatures dictate appropriate immune
functions in both innate and adaptive immunity (4). Recently, it has been shown that manipulating
metabolic pathways of cancer cells, T-cells or immune suppressor cells can enhance anti-cancer
immunity and suppress tumor growth (5, 6).

Our Research Topic aimed to cover promising, recent, and novel research trends characterizing
MSC metabolism, deciphering MSC immunomodulatory properties related to energy metabolism
and guiding future perspectives for therapeutic applications with MSC. The different contributors
achieved these objectives by providing new insights with original articles and high quality reviews.
MSCs can be considered as major actors of the immune system orchestra, and play a strategic role in
the repair mechanisms via a pro-inflammatory and anti-inflammatory response, in particular by
driving the macrophages polarization with an activation of glycolytic pathways (Luque-Campos
et al.; Planat-Benard et al.). Cellular metabolic fluxes and metabolite detection dictate the immune
response developed by macrophages, dendritic cells, neutrophils and lymphocytes. The metabolism
of MSCs can be modulated to improve their functional properties. MSCs respond to damaged or
inflamed tissue through the transfer of Mitochondria (MT) to injured and immune cells, conveying
a type of signaling that contributes to the restoration of cell homeostasis and immune function. MT
offers interesting therapeutic perspectives via ex vivo treatments (AMPK activation, allogeneic
transfer of BMSCs from healthy donors) even if several challenges remain (Jorgensen and Khoury;
Loussouarn et al.). Moreover, recent studies have shown that miRNAs are able to translocate into
the mitochondrial compartment and modulate mitochondrial activities. In particular, the miR-155/
miR-221 axis acts as a new player in the immunoregulatory function of human BMSCs (Pers et al.).
MSC-derived EVs (containing and releasing miRNAs) may become alternative treatment in
regenerative medicine as they can promote mitochondrial function (Loussouarn et al.).
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In addition, the different authors outlined the main biological
processes with therapeutic prospects: cancer, wound healing,
regeneration and inflammation/autoimmunity. Graft versus host
disease (GVHD) was the first autoimmune disease model
demonstrating a benefit using BMSC (7) and leading to a large
development of clinical trials in several indications
(inflammatory bowel diseases, lupus, rheumatoid arthritis,
multiple sclerosis). Indeed, MSC-based cell products have now
been approved for the treatment of acute GVHD in pediatric
patients in Japan, Canada and New Zealand (Burnham et al.),
and for peri-anal Crohn’s disease (8). Burnham et al. highlighted
the key roles of IFN-g, IDO, PGE2, HIF1a, HO-1, as well as
energy-generating metabolic pathways in GVHD. In addition to
soluble factors, cell-to-cell contact is involved in the inhibition of
T cell proliferation by MSCs and a new mechanism through the
ICAM-1/CD43 interaction has been described in a GHVDmodel
as well (Zheng et al.). The therapeutic use of MSCs raises many
questions. Indeed, the use of allogeneic MSCs presents several
advantages compared to autologous MSCs (lower production
costs, simplification of the study methodology). However, the
induction of humoral and/or cellular alloimmunity by allogeneic
Frontiers in Immunology | www.frontiersin.org 2
MSCs could limit their therapeutic efficacy and could cause
adverse effects, if injections are repeated (9, 10). In addition, we
still need to explore the best culture conditions, choose the best
MSC source (ASC, BM-CSM, umbilical cord), since metabolism
changes may happen according to the cell source (Jeske et al.).

To conclude, cellular metabolism and immunity are
intertwined and must be considered together. The influence of
these metabolic changes on MSC functional properties starts to
emerge. Therefore, a clearer understanding of how MSC
metabolism impacts immunomodulatory function will have a
large interest, especially for futures MSC-based therapies,
including EVs and mitochondria. Indeed, targeting cellular
metabolism has and will become an attractive target for the
development of new therapeutics.
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8. Panés J, Garcıá-Olmo D, Van Assche G, Colombel JF, Reinisch W, Baumgart
DC, et al. Expanded Allogeneic Adipose-Derived Mesenchymal Stem Cells
(Cx601) for Complex Perianal Fistulas in Crohn’s Disease: A Phase 3
Randomised, Double-Blind Controlled Trial. Lancet (Lond Engl) (2016)
388:1281–90. doi: 10.1016/S0140-6736(16)31203-X

9. Lohan P, Treacy O, Griffin MD, Ritter T, Ryan AE. Anti-Donor Immune
Responses Elicited by Allogeneic Mesenchymal Stem Cells and Their
Extracellular Vesicles: Are We Still Learning? Front Immunol (2017)
8:1626. doi: 10.3389/fimmu.2017.01626

10. Joswig A-J, Mitchell A, Cummings KJ, Levine GJ, Gregory CA, Smith R3rd, et al.
Repeated Intra-Articular Injection of Allogeneic Mesenchymal Stem Cells Causes
an Adverse Response Compared to Autologous Cells in the Equine Model. Stem
Cell Res Ther (2017) 8:42. doi: 10.1186/s13287-017-0503-8

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.

Copyright © 2021 Pers, Jorgensen and Khoury. 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.
August 2021 | Volume 12 | Article 751865

https://doi.org/10.3389/fimmu.2020.609277
https://doi.org/10.3389/fimmu.2020.609277
https://doi.org/10.3389/fimmu.2021.609544
https://doi.org/10.3389/fimmu.2021.621744
https://doi.org/10.1155/2018/8031718
https://doi.org/10.1038/s41581-018-0023-5
https://doi.org/10.1038/s41581-018-0023-5
https://doi.org/10.1016/j.biochi.2018.07.001
https://doi.org/10.1007/s11684-018-0668-2
https://doi.org/10.1016/j.cmet.2017.06.004
https://doi.org/10.1056/NEJMoa1709866
https://doi.org/10.1016/S0140-6736(08)60690-X
https://doi.org/10.1016/S0140-6736(16)31203-X
https://doi.org/10.3389/fimmu.2017.01626
https://doi.org/10.1186/s13287-017-0503-8
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: The Role of Metabolism in MSC-Mediated Immunomodulation
	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 /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 0.15
    /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 0.15
    /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)
    /ENP ()
  >>
  /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


