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Editorial on the Research Topic
Fetal testicular hormones

Hormones produced by the fetal testis are responsible for shaping the male
phenotype, as shown by Alfred Jost during the last century (1, 2). Testosterone,
produced by fetal Leydig cells, maintains Wolffian ducts and masculinizes the external
genitalia; anti-Miillerian hormone (AMH) secreted by Sertoli cells intiates the regression
of the Miillerian ducts while another Leydig-cell peptide, Insulin-like peptide 3 (INSL3),
induces testicular descent to the scrotum. Receptors for each of these hormones have
been identified in target organs. The tools required to study these genes and pathways
have been created, providing a solid foundation on which to build new knowledge in
this area.

This Research Topic addresses contemporary questions concerning the synthesis and
function of fetal testicular hormones. Amato et al. provide an in-depth analysis on the
knowledge of the conserved androgen signaling mechanisms as well as the cell- and
organ-specific mechanisms illustrated by the androgen-dependent differentiation
processes occurring in the Wolffian duct, leading to the formation of the epididymis,
vas deferens and seminal vesicle, and in the primordia of the external genitalia. Ipulan-
Colet summarizes the role of androgens in driving sexually dimorphic development of
the genital tubercle, and uses this framework to scrutinize the different mechanisms
potentially involved in the androgen-dependent sexual dimorphism observed in muscle
differentiation. The structure, dynamics of expression and regulation of the more recently
discovered Leydig cell hormone INSL3 is reviewed by Ivell et al. The authors deal with the
mechanisms through which INSL3 and its G-protein coupled receptor, RXFP2, promote
testicular descent during fetal life. They also discuss the novel relevance of INSL3 as a
biomarker of Leydig cell function in utero to its potential to act as a monitor of exposure
to environmental endocrine disruptors that may lead to cryptorchidism.
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AMH is a dimeric glycoprotein of the transforming growth
factor beta (TGFP) superfamily (3). Members of this family are
typically synthesized as large precursors that, after cleavage,
produce a small C-terminal active domain and a larger N-
terminal domain. In the case of AMH, the N-terminal domain
enhances the C-terminal domain activity on the specific type II
AMH receptor. Howard et al. review the most recent discoveries
on the regulation of the processing of both AMH and its type II
receptor. Cate meticulously dissects the signal transduction
mechanisms engaged in the AMH-dependent regression of
Miillerian ducts in the male fetus, addressing the canonical
AMH signaling pathway that involves the specific type II
receptor and shared type I receptors leading to the
phosphorylation, nuclear translocation and DNA binding of
specific Smad proteins. Few effectors are known to mediate
AMH action in Miillerian ducts. Based on transcriptome
analyses performed in mesenchymal tissue of Miillerian ducts
after the start of AMH expression in mouse male fetuses, Mullen
et al. identified DIx5 and DIx6 as potential AMH target genes.
Here, they provide experimental evidence that AMH signaling is
essential for a sex dimorphic expression of DIx5 and DIx6 in
Miillerian duct mesenchyme, and that disruption of their
expression results in persistence of Miillerian derivatives in
male mice. Although AMH action takes place very early in
fetal development, Sertoli cells continue to produce high
amounts of AMH until puberty. Edelsztein et al. review the
recent findings related to the molecular mechanisms involved in
the strong androgen-mediated downregulation and the weaker
estrogen-induced upregulation of testicular AMH expression
during puberty. They underscore the importance of
understanding these complex regulatory mechanisms for the
interpretation of serum AMH as a biomarker in physiological
and pathological conditions in boys and adolescents.

A fine-tuned orchestration of regulatory mechanisms is
needed for the testis to differentiate and secrete its fetal
hormones in an adequate spatiotemporal manner. Viger et al.
review the importance of GATA factors for the differentiation of
the testis from the gonadal ridge as well as their relevance in the
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control of fetal Sertoli and Leydig cell gene expression in normal
conditions and in human pathology. O’Donnell et al. address the
key role of Sertoli cells and activin A for fetal testicular
steroidogenesis, arguing that Sertoli cells synthesize
testosterone from androstenedione in the fetal mouse testis,
and probably also in the human. Lucas-Herald and Mitchell
review the role of two Sertoli cell peptides, AMH and inhibin B,
during normal male sexual development in the human fetus and
their relevance in congenital disorders of sex development.

Given the rise in differences in sexual development and
infertility in humans, this timely collection of articles sheds new
light of the role of fetal testicular hormones in sexual
development and the potential sources of disruption which
may be contributing to reduced reproductive health.

Author contributions

All authors listed have made a substantial, direct and
intellectual contribution to the work, and approved it
for publication.

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.

3. Cate RL, Mattaliano RJ, Hession C, Tizard R, Farber NM, Cheung A, et al.
Isolation of the bovine and human genes for miillerian inhibiting substance and
expression of the human gene in animal cells. Cell (1986) 45:685-98. doi: 10.1016/
0092-8674(86)90783-x

frontiersin.org


https://doi.org/10.3389/fendo.2022.927824
https://doi.org/10.3389/fendo.2022.905324
https://doi.org/10.3389/fendo.2022.916173
https://doi.org/10.3389/fendo.2022.916173
https://doi.org/10.3389/fendo.2022.906381
https://doi.org/10.3389/fendo.2022.902198
https://doi.org/10.3389/fendo.2022.898876
https://doi.org/10.3389/fendo.2022.919670
https://doi.org/10.1159/000129690
https://doi.org/10.1016/0092-8674(86)90783-x
https://doi.org/10.1016/0092-8674(86)90783-x
https://doi.org/10.3389/fendo.2022.1090088
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Editorial: Fetal testicular hormones
	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 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


