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Editorial on the Research Topic

Cytokines and Intestinal Mucosal Immunity

Since discovery of the prototypic cytokines, interleukin-1 (IL-1) and tumor necrosis factor-o. (TNF),
almost 50 years ago (1, 2), an explosion of information has followed regarding the biology of
cytokines and their critical role(s) during health and disease. To date, 41 interleukins and more than
18 TNF superfamily (TNFSF) members have been described. Notably, in 1990, our group was one of
the first to show that blockade of a single cytokine, i.e., IL-1, was effective in markedly reducing the
severity of experimental colitis (3), laying the foundation to conceptualize that targeting of an
individual cytokine could successfully impact the development and progression of a specific disease.
The role of cytokines, in fact, has been particularly important in the gastrointestinal tract, both in
maintaining homeostasis and during chronic inflammatory disorders, such as inflammatory bowel
disease (IBD), wherein many cell types have the ability to both react to, and produce, cytokines in
response to a variety of antigenic stimuli, dietary products, microbial components, and toxic agents.
This wealth of new information has led to the approval of different anti-cytokine therapies, such as
anti-TNF and anti-IL-12/23 monoclonal antibodies, for the treatment of both Crohn’s disease (CD)
and ulcerative colitis (UC), the two main forms of IBD. In addition, novel small molecule inhibitors,
such as those targeting the JAK/STAT pathway, and which possess broad anti-cytokine activity, are
now available in the armamentarium of gastroenterologists to treat IBD.

In this Research Topic, the role of canonical, and more novel, cytokines are discussed in the
context of intestinal immunity and chronic gut inflammation. Three articles focus on the role(s) of
TNFSF members (Li et al ; Valatas et al.; Giles et al.). Specifically, Li et al. and Valatas et al. report the
importance of the TL1A (TNF-like ligand 1A, TNFSF15)/DR3 (death receptor 3,TNFRSF25)
ligand-pair, for which increasing evidence suggests a critical role not only in the pathogenesis of
IBD, but also in the development of gut fibrosis/fibrostenotic disease. These papers highlight TL1A/
DR3’s pleiotropic functions in regulating the balance between T effector and T regulatory cells
(Tregs), as well as innate lymphoid cells (ILCs), thereby serving as a vital rheostat during IBD.
Notably, monoclonal antibodies against TL1A are currently in clinical trials for the treatment
of CD and UC, and will shortly reveal the efficacy of anti-TL1A/DR3 strategies in IBD.

Abbreviations: CD, Crohn’s disease; DR3, death receptor 3; IL-, interleukin-; ILC, innate lymphoid cell; TGFB1, transforming
growth factor-betal; Th, T-helper; TL1A, TNF-like ligand 1A; TNF, tumor necrosis factor-o; TNFSF, TNF super family; Treg,
T-regulatory cell; UC, ulcerative colitis; VDZ, vedolizumab.
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Additionally, Giles et al. show that LIGHT (TNFSF14) can have
differential effects on the outcome of experimental colitis,
depending on engagement of, and signaling through, its
various cognate receptors, further emphasizing the complexity
of the TNFSF and the function of its members in IBD.

Also included in the Research Topic are comprehensive reviews
highlighting the contribution of key populations of cytokine-
producing, and -responding, gut mucosal cells(Andrews et al; De
Salvo et al; Weidinger et al.). Intestinal epithelial cells play a central
role in maintaining homeostasis throughout the gastrointestinal
tract as collectively, they represents the host’s first line of defense
against the external environmental, while balancing their response
to the underlying gut mucosal immune system. Dysregulation of
these finely-tuned interactions can compromise barrier function and
result in uncontrolled, chronic inflammation. Andrews et al. provide
important information regarding how epithelial-derived cytokines,
as well as cytokines affecting the gut epithelium, orchestrate crucial
functions during health and disease states. Furthermore, ILCs are a
relatively new family of heterogenous immune cells driven by
specific transcription factors that exhibit distinct cytokine profiles
and are particularly enriched at mucosal barriers. As their name
implies, ILCs provide necessary innate immunity to the host;
however, based on their strategic location, they must also be able
to temper and quickly alter response(s) to their dynamic and
everchanging surroundings. In this context, De Salvo et al.
summarize what is currently known regarding the cytokines that
enable ILC plasticity, and their ability to readily transdifferentiate,
leading to either protective or pathogenic functions within the gut.
Interestingly, the original article from Christodoulou-Vafeiadou
et al. underscores the important contributions of epithelial versus
innate immune cells, reporting that the RNA binding protein, HuR,
that post-transcriptionally regulates mRNAs encoding, among
others, cytokines, confers both convergent as well as divergent
functions in the gut depending on its cellular source and what
type of challenge is presented to the host (e.g, colitis-associated
cancer vs. infectious colitis). Finally, a newly emerging area of
interest in cytokine biology is the role adipokines, which are
soluble factors released by fat tissue. Their role in IBD is especially
relevant since CD is often characterized by hyperplasia of the
mesenteric fat situated around affected, inflamed segments of the
small intestine, and notably, this so-called ‘creeping fat’ has also been
implicated in fibrostenotic CD, with recent work demonstrating its
regulation by live bacteria derived from the gut microbiome (4).
Weidinger et al. provide important information regarding
adipokines, its regulation of creeping fat, and put forth a working
model as to how these factors participate in gut health and disease.
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The remaining contributions focus on various aspects of
targeting cytokines to treat IBD. Anti-04f7 integrin therapy
using vedolizumab (VDZ) was introduced a decade ago as an
effective, alternative option for IBD patients that were refractory
to either conventional treatments or TNF inhibitors. Ironically,
Rath et al. show that increased activation of TNF is observed in
IBD patients unresponsive to VDZ, and that anti-TNF therapy
may actually be more effective in VDZ refractory patients. In
regards to newer anti-cytokine strategies, blocking the IL-12/
IL-23 axis has proven to be effective for both CD and UC
patients. Interestingly, although Th17 cells are known to
expand in response to IL-23, anti-IL-17 treatment is reported
to be ineffective in treating CD, and in fact, worsens disease (5).
In support of disease specificity for anti-cytokine therapy,
Buchele et al. show that blockade of the IL-23/Th17 pathway is
ineffective in preventing colitis in a mouse model of graft-vs.-
host-disease, suggesting that targeted anti-cytokine therapy is
disease specific, rather than organ-specific, and that the
underlying etiology is critical to consider. Regulation of
another cytokine recently tested in CD is TGFP1, whose anti-
inflammatory activity is restored by administering Mongersen,
an oral SMAD?7 antisense oligonucleotide, but with controversial
outcomes. Troncone et al. review this important cytokine
pathway in intestinal immunity that, despite negative results of
Phase III clinical trials (6), remains an interesting therapeutic
target for IBD, perhaps using a different drug formulation. In
closing, Abo et al. contribute an original article demonstrating
the efficacy of combination IL-2 immunocomplex and anti-IL-5
in experimental colitis through a mechanism that involves
expansion of Foxp3" Tregs. Although premature to consider
for IBD treatment, the concept of combination therapy is
certainly an attractive strategy, particularly for complex, multi-
pathway disease processes that are prevalent in disorders like
IBD. We anticipate that the field of cytokines in intestinal
immunity will continue to grow and evolve, which will lead to
a better understanding of pathogenic mechanism(s) and
discovery of novel anti-cytokine treatments for chronic
gut inflammation.

AUTHOR CONTRIBUTIONS

TTP, FC and CAD contributed equally to conceptualizing, writing,
and editing the final submitted manuscript. CAD contributed to
editing the final submitted manuscript. All authors contributed to
the article and approved the submitted version.

Receptor Blockade in Rabbit Immune Complex Colitis. J Clin Invest (1990) 86
(3):972-80. doi: 10.1172/JCI114799

4. Ha CWY, Martin A, Sepich-Poore GD, Shi B, Wang Y, Gouin K, et al. Translocation
of Viable Gut Microbiota to Mesenteric Adipose Drives Formation of Creeping Fat
in Humans. Cell (2020) 183(3):666-83. doi: 10.1016/j.cell.2020.09.009

5. Hueber W, Sands BE, Lewitzky S, Vandemeulebroecke M, Reinisch W, Higgins
PDR, et al. Secukinumab, a Human anti-IL-17A Monoclonal Antibody, for
Moderate to Severe Crohn’s Disease: Unexpected Results of a Randomised,
Double-Blind Placebo-Controlled Trial. Gut (2012) 61(12):1693-700. doi:
10.1136/gutjnl-2011-301668

Frontiers in Immunology | www.frontiersin.org

May 2021 | Volume 12 | Article 698693


https://doi.org/10.3389/fimmu.2018.02585
https://doi.org/10.3389/fimmu.2018.01270
https://doi.org/10.3389/fimmu.2020.585319
https://doi.org/10.3389/fimmu.2020.585319
https://doi.org/10.3389/fimmu.2018.01974
https://doi.org/10.3389/fimmu.2018.01270
https://doi.org/10.3389/fimmu.2020.585319
https://doi.org/10.3389/fimmu.2018.02732
https://doi.org/10.3389/fimmu.2018.02732
https://doi.org/10.3389/fimmu.2018.01974
https://doi.org/10.3389/fimmu.2018.01700
https://doi.org/10.3389/fimmu.2018.01138
https://doi.org/10.3389/fimmu.2018.01407
https://doi.org/10.3389/fimmu.2019.00459
https://doi.org/10.1073/pnas.72.9.3666
https://doi.org/10.1073/pnas.74.10.4624
https://doi.org/10.1172/JCI114799
https://doi.org/10.1016/j.cell.2020.09.009
https://doi.org/10.1136/gutjnl-2011-301668
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

Pizarro et al.

Editorial: Cytokines and Intestinal Mucosal Immunity

6. Sands BE, Feagan BG, Sandborn WJ, Schreiber S, Peyrin-Biroulet L, Colombel JF,
et al. Mongersen (GED-0301) for Active Crohn’s Disease: Results of a Phase 3 Study.
Am ] Gastroenterol (2020) 115(5):738-45. doi: 10.14309/ajg.0000000000000493

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.

Copyright © 2021 Pizarro, Dinarello and Cominelli. 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.

Frontiers in Immunology | www.frontiersin.org

May 2021 | Volume 12 | Article 698693


https://doi.org/10.14309/ajg.0000000000000493
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: Cytokines and Intestinal Mucosal Immunity
	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 0.40
    /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 true
  /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 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)
  >>
  /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


