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Editorial on the Research Topic

The Response of Mucosal Epithelial Cells to Infections

Mucosal epithelial cells of the respiratory, gastrointestinal, and genital tracts are the initial site of
interaction with pathogens. Although initially viewed primarily as functioning as physical barriers
to infection, the past several decades have shown a far more complex set of interactions. Pathogens
can interact directly with mucosal epithelia, either via specific receptors, or with any of several
families of pattern recognition receptors (PRR). These interactions can trigger a wide range of
cellular functions, including altering cellular metabolism, regulation of barrier function and the
generation of innate immune responses designed to limit infections. The cellular consequences of
infection can, however, also exacerbate disease states. The current special issue of the journal covers
a number of specific aspects of the interactions of infectious agents with epithelial cells at mucosal
surfaces. The papers include insightful review articles as well as a number of original investigations.

Six out of the eight manuscripts included in this Research Topic examine the role of airway
epithelial cells in the response to inhaled pathogens. Human rhinoviruses (HRV) infections are a
major trigger of acute exacerbations of asthma, chronic obstructive pulmonary disease, and cystic
fibrosis (Leigh and Proud, 2015). The review by Ganjian et al. provides an overview of rhinoviruses
and how they are recognized by human airway epithelial cells (HAE). This includes recognition of
HRV replication intermediates by PRR and the proinflammatory and antiviral responses triggered
by such interactions. The review also considers various signaling pathways that regulate epithelial
responses to HRV infections and discusses differences in responses between cells from normal
subjects and those with lower airway diseases, including potential differences in antiviral responses
between patient populations.

Jamieson et al. focus on the role of epithelial IL-17C, a novel member of the IL-17 family of
cytokines, in response to HRV infection. Using highly differentiated HAE they demonstrate that
HRV infection triggers production of IL-17C exclusively in the basolateral direction. They further
show that basolateral, but not apical, stimulation of HAE with IL-17C led to basolateral release of
the neutrophil chemoattractant CXCL1. This suggests that basolateral release of IL-17C during
HRV infections can feedback to induce basolateral release of CXCL1 leading to neutrophil
recruitment. Since neutrophils correlate with disease severity, IL-17C may be a contributor to
increased inflammation and symptoms during infections.

An important component of acute exacerbations of lower airway diseases is mucus
hypersecretion. Wang et al. showed that infection of differentiated HAE with either of two
different strains of HRV increased gene expression of the mucins MUC5AC and MUC5B and
caused increased secretion of mucin proteins. They further show that HRV-induced mucin
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expression appears to be regulated by the transcription factor
SAM-pointed domain-containing Ets-like factor (SPDEF) and
SPDEF-regulated genes, as well as via purinergic receptor
signaling in response to extracellular ATP. Finally, they
showed that the muscarinic receptor antagonist, tiotropium
bromide, as well as the glucocorticoid, fluticasone propionate,
inhibit HRV induced mucin expression without affecting viral
loads. These effects may underlie the beneficial effects of these
drugs in treating exacerbation of lower airway diseases.

It has previously been shown that knockdown of the E3-
ubiquitin ligase, Pellino-1, reduces the inflammatory response in
sepsis (Chang et al., 2009). Marsh et al. show here that Pellino-1
is expressed in the airway epithelium and plays a role in
regulating responses to viral infection. Although knockdown of
Pellino-1 in primary bronchial epithelial cells led to reduced
production of proinflammatory cytokines in response to the
synthetic double-stranded RNA (dsRNA) mimic, Poly I:C, the
authors found that Pellino-1 knockout mice actually showed
enhanced inflammatory cytokine production upon infection
with viruses.

Cao et al. focused on the role of a specific ATP binding
cassette (ABC) transporter, ABCF1, in epithelial responses to
dsRNA mimics. This ABC transporter has been identified as a
cytosolic nucleic acid sensor. Here it shown that ABCF1 is
expressed in epithelial cells and mediates the production of
CXCL10 by dsRNA mimics. Knockdown experiments and gene
ontogeny analysis suggest that, while ABCF1 does play a role in
regulation of antiviral responses, it is most strongly associated
with Toll-like receptor signaling, suggesting a multifactorial role
in epithelial innate immunity.

Airway bacterial infections can also cause substantial
morbidity and mortality. Ahn and Prince review the role of
IL-22 and IFN-l in regulating epithelial responses to bacterial
infection. These two cytokines both signal through the cognate
receptor IL-10RB and have been linked to regulation of epithelial
barrier function. IL-22 induces production of antimicrobial
peptides and plays a role in increasing junctional proteins. By
contrast, IFN-l has known antiviral and proinflammatory
proteins and reduces junctional integrity, which would be
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expected to facilitate bacterial and immune cell translocation.
Because the actions of these cytokines can vary depending on the
nature of the pathogen and the specific tissue microenvironment,
additional studies are needed to fully understand the role of these
cytokines in airway defense and to identify targets that may have
therapeutic potential.

Cell surface mucin MUC1, which is highly expressed on
gastrointestinal epithelial cells, is known to limit Helicobacter
pylori (H. pylori) infection in humans and mice (Linden et al.,
2009). Sheng et al. investigated the molecular network modulated
by MUC1 in the gastric mucosa of H. pylori infected mice using
microarray. Over the 72 h of infection, genes regulating lipid
metabolism are firstly suppressed then promoted in Muc1−/−

compared to WT control, supporting the role of MUC1 in
driving metabolic changes in epithelial cancers. As infection
progresses, a network of anti-inflammatory genes is
upregulated, which correlates with the increased bacteria load
in Muc1−/− compared to WT control. Since MUC1 is expressed
in both epithelial and immune cells in the gastric mucosa, further
studies are needed to dissect the epithelial vs immune
contribution in the temporal regulation of MUC1 during H.
pylori infection.

Human papillomavirus (HPV) infections are responsible for
99% of cervical cancer (Burd, 2003). Budhwani et al. review the
underlying causes for HPV infection associated cancer
development in a specific region of cervix—squamo-columnar
junction (SCJ). HPV replication y modulates genes involved in
stem-cell maintenance in cervical mucosal SCJ, which further
leads to HPV-mediated cervical malignancy. Collective evidence
highlights SCJ mucosa being a vulnerable site for HPV infection
due to its unique anatomical location, altered host-defensin
production, lack of immune cells and presence of cancer stem
cell niche.
AUTHOR CONTRIBUTIONS

RW and DP wrote the editorial together. All authors contributed
to the article and approved the submitted version.
REFERENCES

Burd, E. M. (2003). Human papillomavirus and cervical cancer. Clin. Microbiol.
Rev. 16 (1), 1–17. doi: 10.1128/CMR.16.1.1-17.2003

Chang, M., Jin, W., and Sun, S. C. (2009). Peli1 facilitates TRIF-dependent Toll-
like receptor signaling and proinflammatory cytokine production. Nat.
Immunol. 10 (10), 1089–1095. doi: 10.1038/ni.1777

Leigh, R., and Proud, D. (2015). Virus-induced modulation of lower
airway diseases: pathogenesis and pharmacologic approaches to
treatment. Pharmacol. Ther. 148, 185–198. doi: 10.1016/j.pharmthera.
2014.12.005

Linden, S. K., Sheng, Y. H., Every, A. L., Miles, K. M., Skoog, E. C., Florin, T. H. J.,
et al. (2009). MUC1 Limits Helicobacter pylori Infection both by Steric
Hindrance and by Acting as a Releasable Decoy. PloS Pathog. 5 (10),
e1000617. doi: 10.1371/journal.ppat.1000617

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 © 2020 Wang and Proud. 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.
November 2020 | Volume 10 | Article 602312

https://doi.org/10.3389/fcimb.2020.00456
https://doi.org/10.3389/fcimb.2020.00487
https://doi.org/10.3389/fcimb.2020.00300
https://doi.org/10.3389/fcimb.2020.00343
https://doi.org/10.3389/fcimb.2020.00307
https://doi.org/10.1128/CMR.16.1.1-17.2003
https://doi.org/10.1038/ni.1777
https://doi.org/10.1016/j.pharmthera.2014.12.005
https://doi.org/10.1016/j.pharmthera.2014.12.005
https://doi.org/10.1371/journal.ppat.1000617
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/cellular-and-infection-microbiology#articles

	Editorial: The Response of Mucosal Epithelial Cells to Infections
	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


