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Editorial on the Research Topic

Roles of the first and second messengers in reproduction
Cell signaling is stimulated by the extracellular first messengers, such as ligands or

cytokines, or mediated by the intracellular second messengers, like calcium ions, inositol

1,4,5-trisphosphate, cyclic adenosine monophosphate, diacylglycerol, and reactive oxygen

species, and plays a crucial role in mammalian reproduction. Spermatogenesis, oogenesis,

gamete function regulation, fertilization, assisted reproduction and other reproductive

processes are all involved in the participation of first and second messengers. Their

dysfunction could result in infertility in both men and women. Investigating the role of

first and second messengers and uncovering the underlying signal transduction networks

and mechanisms in the reproductive process mentioned above are very important for the

diagnosis and treatment of infertility and human reproductive health.

In this Research Topic, Xiaoning Zhang, Jan Tesarik, and Rujun Ma aimed to focus on

the role of first and second messengers and the underlying mechanisms in reproductive

processes in mammals. The Research Topic includes three original articles and one review

article on sperm motility and function regulation, placental syndromes and oocyte quality

and functionality, which has facilitated the understanding of the roles of first and second

messengers in male and female reproduction.
Adenosine A2A receptor and lipidomics in
sperm function

Adenosine could serve as the first messenger to activate the adenosine A2A receptor

(A2AR), which subsequently leads to changes in sperm functions including motility and

capacitation by stimulating intracellular cAMP synthesis and dynamin ATPase activation.

Chen H. et al. first confirmed the presence of A2AR on the sperm flagellum and further

found that the level of A2AR is positively correlated with progressive motility and

associated with the fertilization rate of in vitro fertilization. Mechanistically, Chen H.

et al. demonstrated that A2AR regulates sperm function by modulating Ca2+ influx through
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the CatSper channel by using the A2AR agonist (regadenoson) and

the antagonist (SCH58261). Under the combined action of

extracellular signal and intracellular second messenger, sperm

undergo a variety of changes during capacitation and acrosome

reaction. Cheng et al., characterized the lipidomic profiles in

uncapacitated, capacitated, and acrosome-reacted human

spermatozoa. Then, 12 lipids or metabolites were recognized

differentially between A23187-induced acrosome-reacted

spermatozoa and the uncapacitated/capacitated sperm in humans.

Given that A23187 plays a role in regulating sperm function

through calcium signaling, lipid metabolites were remarkably

altered after capacitation and acrosome reactions, which

suggested that there might be very complicated crosstalk between

second messenger-modulated sperm function and lipid

metabolism. Their findings provide novel candidates to address

the regulatory mechanisms of capacitation and acrosome reactions

in the future.
First and second messengers in
placentation and regulation of oocyte
quality and functionality

First and second messengers are also crucial for female

reproduction. Using the placental syndrome model, Huang et al.,

found that many first messengers, inflammatory cytokines, such as

oncogene A, interleukin-1b, interleukin-9, interleukin-10,

interleukin-18, macrophage migration inhibitory factor,

macrophage colony-stimulating factor, hepatocyte growth factor,

platelet-derived growth factor BB and TNF-related apoptosis-

inducing ligand, may be causally associated with placental

syndromes employing the Mendelian randomization analysis.

Furthermore, based on molecular docking technology, they found

that many active ingredients isolated from traditional Chinese

medicine, puerarin, magnolol, atractylenolide I, paeoniflorin,

tumulosic acid, and wogonin, are closely bound to these

inflammatory cytokines, providing a novel direction and potential

targets for the study and treatment of placental syndromes.

Among second messengers, calcium signaling has been the most

extensively and deeply studied in all aspects of female reproduction.

Chen C. et al., systematically reviewed the latest research progress

on calcium signaling in oocyte maturation, activation, fertilization,

function regulation of granulosa and cumulus cells and offspring

development under physiological and pathological conditions.

During oocyte maturation, ER stores, extracellular fluid and
Frontiers in Endocrinology 02
mitochondrial stores are the main sources and regulators of Ca2+,

which affects the formation of the first polar body of oocytes,

meiotic division, and the maintenance of chromosome and

spindle conformation. The authors updated the key molecules

and pathways involved in calcium homeostasis regulation in

oocyte maturation and fertilization and the methods or

alternative proposals of artificial oocyte activation proposals by

modulating calcium signaling. In this review, Chen C. et al., also

elucidated other regulatory molecules that indirectly affect the Ca2+

pump or downstream pathways. In addition to germ cells,

granulosa cells (GC) and cumulus cells (CC), are modulated by

calcium signaling. Therefore, Chen C. et al., for the first time

summarized calcium signaling in GC and CC. Furthermore,

adverse stress-induced Ca2+-related ovarian dysfunction due to

the oocytes and GC damage is also a concern. Last but not least,

considering the current state of this research, the authors proposed

further research directions and suggestions on calcium signaling in

female reproduction.
Author contributions

XZ: Writing – original draft. RM: Writing – review & editing.
Acknowledgments

We sincerely thank all authors, reviewers and editors for their

efforts and valuable contributions to the Research Topic on the Role

of First and Second Messengers in Reproduction.
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.
frontiersin.org

https://doi.org/10.3389/fendo.2023.1273878
https://doi.org/10.3389/fendo.2023.1290766
https://doi.org/10.3389/fendo.2024.1411000
https://doi.org/10.3389/fendo.2024.1411000
https://doi.org/10.3389/fendo.2024.1411000
https://doi.org/10.3389/fendo.2024.1494529
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Editorial: Roles of the first and second messengers in reproduction
	Adenosine A2A receptor and lipidomics in sperm function
	First and second messengers in placentation and regulation of oocyte quality and functionality
	Author contributions
	Acknowledgments
	Conflict of interest
	Publisher’s note



<<
  /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


