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Editorial on the Research Topic

Mucosal adaptations to chronic airway injury: mechanisms and
interrelationships of epithelial plasticity on innate immunity and
airway remodeling
The airway epithelium lying at the external/internal interface and exposed to all the

constituents of inhaled air forms a crucial first-line defense against environmental irritants

and respiratory pathogens. In response to irritants or pathogens, key sentinel cells in the

epithelium trigger innate inflammation, leading to adaptive injury/repair responses.

Repeated exposure, leading to cycles of damage, barrier dysfunction and repair are a

major, but not fully understood factor in the development and progression of chronic lung

diseases such as asthma and chronic obstructive pulmonary disease (COPD). This

compendium contains reviews and original research articles that address key cellular and

molecular mechanisms behind airway inflammation and remodeling, and the crucial roles

these responses play in chronic lung diseases.

The response of the airway to injury is a complex series of interactive pathways which

are influenced and often directed by the regionally-specialized epithelial cells present. The

cell type composition of the airway epithelium is dependent on regional specialization that

collaborate in diverse ways with the cells of the immune system to defend against pathogens

and other environmental challenges such as pollutants and to maintain epithelial integrity

and stability. In this series of articles, the investigators have addressed different aspects of

the epithelial response and adaptation to these external challenges.

Raby et al. have conducted a comprehensive review that provides insights into the

significant cellular and structural changes in asthma and COPD. In asthma, epithelial
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injury and immune activation cause abnormal basal cell

differentiation, reduced ciliated cells, goblet cell hyperplasia, and

ciliated epithelial cell detachment. This dysregulation contributes to

impaired mucociliary clearance and loss of epithelial integrity. In

COPD, persistent inflammation and oxidative stress lead to basal

cell hyperplasia, goblet cell hyperplasia, and reduced ciliation,

contributing to ciliary dysfunction and mucous hyperproduction.

In both diseases, a continuous cycle of epithelial injury and immune

response activates abnormal tissue repair mechanisms such as

epithelial-mesenchymal transition (EMT), fibroblast activation,

and airway smooth muscle cell proliferation and hypertrophy,

promoting airway remodeling. This review sheds light on the

genetic and epigenetic mechanisms underlying airway epithelial

dysfunction in these diseases and underscores the importance of

developing therapies targeting airway barrier function.

In alignment with this perspective, the study of Chen et al. was

focused on the involvement of anoikis-related genes (ANRGs) in

the small airway epithelium (SAE) of COPD. It has been well

documented that anoikis-resistance is a characteristic of cancer

progression and metastasis (1). Because COPD and lung cancer

occur as co-morbidities at a higher rate and with the same

underlying predispositions (2, 3), it was intriguing to investigate

whether anoikis plays a role in the progression of COPD s. The

authors investigated the gene expression profiles of SAE of COPD

patients and healthy nonsmokers and identified 25 COPD-specific

ANRGs. They found that COPD patients could be classified into

two subtypes: pro-anoikis and anoikis resistance. Patients with

anoikis resistance had more advanced stages of COPD compared

to the pro-anoikis group. The study identified Tenomodulin

(TNMD) and long intergenic non-protein coding RNA 656

(LINC00656) as important regulators of anoikis resistance in

COPD. Furthermore, TNMD was found to have a significant

correlation with infiltrating immune cells and abnormal apoptotic

signaling pathways, suggesting that targeting ANRGs in airway

epithelium could be a potential therapeutic strategy for preventing

COPD progression.

Epithelial-mesenchymal plasticity (EMP) is a characteristic

feature of chronic lung disease (4). When the epithelium is

repeatedly injured, it triggers EMT and the release of fibroblastic

growth factors. This disrupts the epithelial barrier function,

expands the subepithelial myofibroblast population, and promotes

extracellular matrix (ECM) remodeling (4). The study conducted by

Brake et al. provides new evidence that EMP plays a critical role in

the development of COPD. These researchers found that EMT

markers were activated in the small airway epithelium and reticular

basement membrane (RBM) of individuals with normal lung

function and smoking history (NLFS), current smokers, and ex-

smokers with Global Initiative for Chronic Obstructive Lung

Disease (GOLD) stage 1 and 2 (COPD-CS and COPD-ES)

compared to normal non-smoking controls (NC). This activation

was correlated with increased pSMAD2/3 levels and activation of

the SMAD pathway in smokers and COPD patients. In contrast,

TGF-b1 levels in the small airway tissue of smokers with and

without COPD were significantly lower compared to normal non-
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smoking controls. Although it is well known that TGF-b1 activates
the SMAD cassette and subsequentially induces EMT (5), these

investigators found that SMAD pathway activation in the small

airways of early stage COPD is independent of TGF-b1, indicating
that other factors drive EMP at this early stage.

Recent studies have revealed that the chronic activation of the

innate immune response (IIR) mediated by NFkB can lead to EMT

and airway remodeling in chronic lung disease (4, 6). A review by

Pan et al. has highlighted the crucial role of 8-oxoguanine DNA

glycosylase 1 (OGG1) in regulating the IIR and EMT through

epigenetic mechanisms. OGG1, a DNA repair enzyme, is activated

in small airway epithelial cells following injury and is re-purposed

to support the DNA binding of transcription factors, such as NFkB,
leading to the expression of pro-inflammatory mediators during

acute inflammation. With repeated injury and repair, OGG1

facilitates the binding of NFkB, core EMT transcription factors,

such as SMADs, and chromatin remodelers, like BRD4 and LSD1,

to EMT genes, shifting the inflammatory response towards the

expression of pro-fibrotic genes and ECM remodeling enzymes.

Therefore, OGG1 is critical in regulating pro-inflammatory and

pro-fibrotic responses. The authors discuss recent progress in

developing highly selective and specific OGG1 inhibitors for

airway remodeling disease, supporting the possibility that this

could represent a promising therapeutic target in the clinic.

A review conducted by Kayalar et al. offers comprehensive

insights into the effects of particulate matter (PM) of air pollutants

on airway injury and epithelial plasticity. Chronic exposure to PM

activates the TGF-b-NFkB and Wnt/B-catenin pathways in airway

epithelial cells. These pathways activate core EMT transcription

regulators such as Twist, Snail, and Zeb, leading to cell-state

changes, increased cell mobility, and increased ECM production.

The review provides a deeper understanding of the molecular

mechanisms involving PM-induced airway inflammation, EMT,

and tissue remodeling. It also discusses recent studies on the

critical roles of EMP in the pathogenesis of asthma and COPD.

Although much more work needs to be done, these outstanding

contributions illustrate the complex cell state dynamics underlying

chronic mucosal injury in the airways and provide novel

approaches to modifying the outcome of chronic airway disease.
Author contributions

AB: Writing – original draft, Writing – review & editing. YZ:

Writing – original draft, Writing – review & editing. KC: Writing –

original draft, Writing – review & editing.
Acknowledgments

The editors acknowledge the following sources of grant support:

NIH R21 AI133454 (YZ, AB), NIAID P01 AI062885 (AB),

UL1TR002373 (AB), NIEHS PA-20-184 (KC), UK MR/T010371/1

(KC), UK EP/Y018680/1 (KC).
frontiersin.org

https://doi.org/10.3389/fimmu.2023.1155478
https://doi.org/10.3389/fimmu.2023.1216506
https://doi.org/10.3389/fimmu.2023.1186369
https://doi.org/10.3389/fimmu.2024.1324552
https://doi.org/10.3389/fimmu.2024.1435120
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Brasier et al. 10.3389/fimmu.2024.1435120
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.

The author(s) declared that they were an editorial board

member of Frontiers, at the time of submission. This had no

impact on the peer review process and the final decision.
Frontiers in Immunology 03
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.
References
1. Paoli P, Giannoni E, Chiarugi P. Anoikis molecular pathways and its role in
cancer progression. Biochim Biophys Acta. (2013) 1833:3481–98. doi: 10.1016/
j.bbamcr.2013.06.026

2. Durham AL, Adcock IM. The relationship between COPD and lung cancer. Lung
Cancer. (2015) 90:121–7. doi: 10.1016/j.lungcan.2015.08.017

3. Parris BA, O'Farrell HE, Fong KM, Yang IA. Chronic obstructive pulmonary
disease (COPD) and lung cancer: common pathways for pathogenesis. J Thorac Dis.
(2019) 11:S2155–S72. doi: 10.21037/jtd.2019.10.54
4. Brasier AR. Innate immunity, epithelial plasticity, and remodeling in asthma. Adv
Exp Med Biol. (2023) 1426:265–85. doi: 10.1007/978-3-031-32259-4_13

5. Lamouille S, Xu J, Derynck R. Molecular mechanisms of epithelial-
mesenchymal transition. Nat Rev Mol Cell Biol. (2014) 15:178–96. doi: 10.1038/
nrm3758

6. Tian B, Hosoki K, Liu Z, Yang J, Zhao Y, Sun H, et al. Mucosal bromodomain-
containing protein 4 mediates aeroallergen-induced inflammation and remodeling.
J Allergy Clin Immunol. (2019) 143:1380–94.e9. doi: 10.1016/j.jaci.2018.09.029
frontiersin.org

https://doi.org/10.1016/j.bbamcr.2013.06.026
https://doi.org/10.1016/j.bbamcr.2013.06.026
https://doi.org/10.1016/j.lungcan.2015.08.017
https://doi.org/10.21037/jtd.2019.10.54
https://doi.org/10.1007/978-3-031-32259-4_13
https://doi.org/10.1038/nrm3758
https://doi.org/10.1038/nrm3758
https://doi.org/10.1016/j.jaci.2018.09.029
https://doi.org/10.3389/fimmu.2024.1435120
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Editorial: Mucosal adaptations to chronic airway injury: mechanisms and interrelationships of epithelial plasticity on innate immunity and airway remodeling
	Author contributions
	Acknowledgments
	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


