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Editorial on the Research Topic

Crosstalk between thyroid hormones, analogs and ligands of integrin
avb3 in health and disease. Who is talking now?
The classical molecular mechanism of thyroid hormone action is genomic, involving

nuclear thyroid hormone receptors (TRs) complexed with 3,5,3’-triiodo-L-thyronine (T3)

and transcription of specific genes (1). A nongenomic pathway is now understood to exist

and is particularly important to tumor cells (1, 2). The pathway begins at a cell surface

thyroid hormone analogue receptor on plasma membrane integrin avb3; the principal
hormone at physiological concentrations at this receptor is L-thyroxine (T4), the thyroid

gland product that is the prohormone for T3. Downstream of the cell surface receptor, the

hormone-integrin complex initiates intracellular signal transduction pathway sequences

that culminate in differential expression of multiple genes relevant to cancer cell

proliferation and tumor-linked angiogenesis (2). Certain of these signaling pathways

can remarkably lead to TR activation in the nucleus. This issue of Frontiers in

Endocrinology includes a set of papers focused on actions of T4 that are nongenomic

in mechanism.

T3 is the principal ligand of nuclear TRs in all types of tissues, whereas T4, as noted

above, is the major functional ligand for the cell surface avb3 integrin receptor for

thyroid hormone analogues. The integrin is overexpressed and activated on cancer cells

and rapidly-dividing endothelial cells. The specific cellular signal transduction pathways

linked to the T4 receptor include mitogen-activated protein kinase (MAPK) and signal

transducer and activator of transcription-1a (STAT-1 a) that lead to nuclear
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compartment co-activator and co-repressor proteins that

regulate expression of specific genes related to tumor cell

proliferation and tumor cell defense mechanisms. Among the

proteins that move to the nuclear compartment as a result of the

integrin-based actions of T4 include TRb1, estrogen receptor- a
(ER a) and tumor suppressor protein p53. The nuclear thyroid

hormone receptor TRb acts as an inhibitor of cancer cell

proliferation and as a tumor suppressor.

TRa, instead, can be oncogenic as reported also in the first

paper of the issue by Lasa and Contreras-Jurado, where the

authors show the role of thyroid hormones in the inflammatory

process leading to tumorigenesis and other pathological

processes such as infectious disease up to Covid -19. The

inflammatory process is described in details both in the short–

term and in the chronic situation, as well as in the crosstalk

between thyroid hormones and infection and thyroid hormones

and cancer. A crosstalk between thyroid hormones and the

immune system is widely recognized, thyroid hormones may

behave as anti-inflammarory agents (3–6).

In the second paper, Ariyani et al. show that the TR-dependent

signaling pathway via integrin avb3 plays a role in cerebellar

development, neuritogenesis and dendritogenesis. The knockdown

of integrin av or integrin b3 or the double knock down of integrin

avb3 significantly reduces dendritic arborization in Purkinje cells.

The effect of thyroid hormones is mediated, in part, by activation of

PI3-K and ERK1/2 (MAPK). The experiments were carried out

mainly in primary culture of cerebellar Purkinje cells frommice and

in cells in culture of neuroblastoma, Neuro –2A cells, with similar

results, suggesting that neuritogenesis process is similar in primary

culture and neuroblastoma cells.

The effects of thyroid hormones on tumor progression and

metastasis is inhibited by tetraiodothyroacetic acid (tetrac) and

nanoderivatives, tetrac is a metabolite of thyroid homone that

binds the integrin avb3 at the RGD binding site or in close

proximity to it (7, 8).

The paper of Tobi et al., shows by in-silico docking the

affinity of more than 20 thyroid hormone metabolites with a

variety of structural features sulfated, deiodinated, deaminated

or decarboxylated, including the biologically active hormones T3

and T4, with integrin avb3. All the tested molecules show a

negative energy suggesting good affinity with the RGD site, at the

integrin, with differences. The RGD peptide was used both in

linear or cyclic conformation, and it was found that iodination at

the 3,5 and 3’ positions shows an increased affinity with respect

to other iodination positions of other metabolites, but also the

binding capability could be improved.

The Incerpi et al. paper is based on data on thyroid

hormones, T3 and 3,5-diiodothyronine (3,5-T2) on the Na/K-
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ATPase in chick embryo hepatocytes. The metabolite 3,5-T2

shows a significant effect in the inhibition of the Na-pump,

higher than T3, whereas T4 is without effect. The Na-pump is an

ubiquitous enzyme present both in plant and in animal cells,

whose inhibition by T3 and 3,5-T2 is mediated by PKA, PKC and

PI3-K in the early stages of development. This inhibition gives

rise to a protected or an anti-inflammatory environment, with

high intracellular Na+ and Ca2+ ions, similar to the activation of

the anti-inflammatory response elicited by the a7 acetylcholine

receptor (a7nAChR) at the level of the vagus nerve (9). 3,5-T2 is

a metabolite with strong effects on mitochondrial activity

(resting metabolic rate) that is more efficient than T3, 3,5-T2 is

also a vasodilator.

At the end of the story, we may find the answer to the

question raised in the title of the Issue:

‘Crosstalk between thyroid hormones, analogs and ligands of

integrin avb3 in health and disease. Who is talking now?’ The

endogenous TH metabolites and their nanoderivatives may

represent a therapeutic tool able to interact with integrin-

modulated intracellular pathways in infective diseases and

cancer. But we should also take into account the crossttalk

between nongenomic and genomic signaling of thyroid

hormones and steroid hormones and their analogues that

appear to play a pivotal role in the physiopathology of cancer

and in cancer management.
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JM, Aranda A. The thyroid hormone receptors as modulators of skin proliferation
and inflammation. J Biol Chem (2011) 286:24079–88. doi: 10.1074/
jbc.M111.218487

5. De Vito P, Incerpi S, Pedersen JZ, Luly P, Davis FB, Davis PJ. Thyroid
hormones as modulators of immune activities at the cellular level. Thyroid (2011)
21:879–90. doi: 10.1089/thy.2010.0429
Frontiers in Endocrinology 03
6. Candelotti E, De Luca R, Megna R, Maiolo M, De Vito P, Gionfra F, et al.
Inhibition by thyroid hormones of cell migration activated by IGF-1 and MCP-1 in
THP-1 monocytes: Focus on signal transduction events proximal to integrin avb3.
Front Cell Dev Biol (2021) 9:651492. doi: 10.3389/fcell.2021.651492

7. Cheng T-M, Chang W-J, Chu H-Y, De Luca R, Pedersen JZ, Incerpi S. Nano-
strategies targeting the integrin avb3 network for cancer therapy. Cells (2021)
10:1684. doi: 10.3390/cells10071684

8. Glinsky GV, Godugu K, Sudha T, Rajabi M, Chittur SV, Hercbergs AA, et al.
Effects of anticancer agent p-bi-TAT on gene expression link the integrin thyroid
hormone receptor to expression of stemness and energy metabolism genes in
cancer cells. Metabolites (2022) 12:325. doi: 10.3390/metabol;12040325

9. Borovikova LV, Ivanova S, Zhang M, Yang H, Botchkina GI, Watkins LR.
Vagus nerve stimulation attenuates the systemic inflammatory response to
endotoxin. Nature (2000) 405:458–62. doi: 10.1038/35013070
frontiersin.org

https://doi.org/10.1210/er.2009.0007
https://doi.org/10.1152/physrev.00038.2019
https://doi.org/10.1152/physrev.00038.2019
https://doi.org/10.1177/153537020623100301
https://doi.org/10.1074/jbc.M111.218487
https://doi.org/10.1074/jbc.M111.218487
https://doi.org/10.1089/thy.2010.0429
https://doi.org/10.3389/fcell.2021.651492
https://doi.org/10.3390/cells10071684
https://doi.org/10.3390/metabol;12040325
https://doi.org/10.1038/35013070
https://doi.org/10.3389/fendo.2022.1119952
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Editorial: Crosstalk between thyroid hormones, analogs and ligands of integrin αvβ3 in health and disease. Who is talking now?
	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 1.6
  /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 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


