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Editorial on the Research Topic

Endocrinological factors for autism: prenatal biomarkers, early diagnosis
and symptom treatment
The main purpose of the editorial is to summarize the contents of a Research Topic:

Endocrinological Factors for Autism.

Autism Spectrum Disorder (ASD) is a neurodevelopmental disorder characterized with

deficits in social-emotional interactive responses in multiple settings, non-verbal

communication behaviors, as well as fixed and stereotyped patterns of behavior or

interests. Over the past two decades, the prevalence of ASD has seen a substantial

increase, leading to significant impacts on the well-being of affected children and placing

a substantial burden on society. Consequently, it has obtained widespread concern and

attention from both the public and the research community. It has been shown that ASD

may result from the interaction of susceptible genes, immune activation, perinatal

disorders, and environmental factors, but its specific etiology and pathogenesis remain

unclear, and the current treatment strategies rely on training and special education. An in-

depth understanding of the possible environmental risk factors associated with ASD

development in children can provide potential insights into early diagnosis, prevention,

and early intervention for this disease. In recent studies, researchers have identified

numerous potential endocrinological factors that may play a role in ASD development.

These factors encompass various hormones such as progestin, androgens, and estrogens

(1–4), as well as maternal diabetes (5–7). They have been observed to either elicit autism-

like behaviors in rodent models or show associations with the development of ASD in

epidemiological research.

Tsompanidis et al. provided a concise overview of the relationship between prenatal

androgen exposure and ASD development, and gender-specific behaviors in ASD

individuals. It also introduced maternal immune activation-mediated ASD development,

which shows a significant sex difference in offspring, thus providing a novel research

approach on sex bias in ASD. Research has demonstrated that males exhibit around 4 times

the prevalence of ASD symptoms compared to females (8). Tsompanidis et al. focused on
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the differential gene enrichment that is X-linked in male-preferred

placental genes, elucidating the mechanism by which steroid

hormones interact with the genetic liability for autism.

Physiological measures of early infancy and neurodevelopmental

follow-up in the first 2 years of life were utilized in a prospective

enrichment cohort study in Cambridge, UK. The results revealed

that prenatal testosterone levels, as opposed to postnatal levels, are

more pertinent for understanding the origins of autism (2,

Tsompanidis et al.). In addition, both gestational hypertensive

disorders and polycystic ovary syndrome are associated with

ASD, as both cases have hyperandrogenism, and the potential

effects on children’s communication and social skills are sex–

specific, indicating that maternal testosterone may mediate later

autistic development (10). These studies suggest that abnormal

testosterone exposure and/or hormonal imbalance may contribute

to the male bias of ASD.
Soyer–Gobillard et al. reviewed the effects of neurodevelopmental

and psychiatric disorders in children with intrauterine exposure to

diethylstilbestrol (DES), providing evidence that in utero exposure to

DES and other synthetic estrogens can cause psychiatric disorders.

Also, it has been reported that endocrinological disorders are

associated with gastrointestinal (GI) symptoms during ASD

development. Animal experiments have also suggested that

maternal diabetes triggers increased intestinal permeability, altered

microbiota, and the subsequent development of autism–like

behaviors in rodent offspring (7). Further investigation

demonstrated that exposure to progestin 17–hydroxyprogesterone

caproate (17–OHPC) causes claudin1 (CLDN1) suppression through

epigenetic modifications, leading to GI dysfunction in autism–like

mouse offspring (4). The enteric nervous system (ENS), as a potent

regulator of intestinal barrier function and intestinal homeostasis,

plays a key role in ASD pathogenesis that triggered by environmental

factors. However, it remains unclear whether GI dysfunction is a

consequence of ASD or a potential cause instead. Here, Wang et al.

discussed the current understanding of ENS defects associated with

ASD and highlighted the widespread expression of several high–risk

genes in the gut related to ASD, providing new perspectives for

understanding endocrinological disorders with ASD–related GI

dysfunction. In addition, neuroligin (NLGN) has shown significant

contribution and important functions in synaptic development,

whereas the potential relationship between gestational diabetes and

NLGNs in ASD remains unclear. Zhang et al. first identified different

expression levels of NLGNs in an autism–like mouse model induced

by streptozotocin, and the cryo–electron microscopic structures for

human NLGNs were determined, indicating potential different

mechanisms of ASD related to NLGN structures.
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Recently, there has been an increase in our knowledge of the

causative factors of autism. Endocrine factors are one of the possible

causal or susceptibility factors for autism. There is mounting

evidence to suggest that dysregulations in the endocrine system

could be implicated in the pathogenesis of ASD. Understanding the

endocrine aspect of autism not only enhances our comprehension

of its underlying causes but also opens the door to novel therapeutic

strategies. This knowledge can provide the way for the development

of interventions aimed at ameliorating the impact of endocrine

imbalances, eventually improving the lives of individuals with ASD

and their families.
Author contributions

YL: Writing – original draft. LZ: Writing – original draft. JL:

Conceptua l izat ion, Writ ing – review & edi t ing . PY:

Conceptualization, Writing – original draft, Writing – review

& editing.
Funding

The author(s) declare financial support was received for the

research, authorship, and/or publication of this article. This work

was financially supported by the Science and Technology Innovation

Committee of Shenzhen, project #: JCYJ20200109150700942 and The

National Natural Science Foundation of China, project #: 82060260.
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.
References
1. Zou Y, Lu Q, Zheng D, Chu Z, Liu Z, Chen H, et al. Prenatal levonorgestrel
exposure induces autism–like behavior in offspring through ERb suppression in the
amygdala. Mol Autism (2017) 8:46. doi: 10.1186/s13229-017-0159-3
2. Xiang D, Lu J, Wei C, Cai X, Wang Y, Liang Y, et al. Berberine ameliorates
prenatal dihydrotestosterone exposure–induced autism–like behavior by suppression
of androgen receptor. Front Cell Neurosci (2020) 14:87. doi: 10.3389/fncel.2020.00087
frontiersin.org

https://doi.org/10.3389/fendo.2023.1126023
https://doi.org/10.3389/fendo.2022.1034959
https://doi.org/10.3389/fnins.2023.1101071
https://doi.org/10.3389/fendo.2022.1067529
https://doi.org/10.1186/s13229-017-0159-3
https://doi.org/10.3389/fncel.2020.00087
https://doi.org/10.3389/fendo.2023.1298381
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Liang et al. 10.3389/fendo.2023.1298381
3. Willsey HR, Exner CRT, Xu Y, Everitt A, Sun N, Wang B, et al. Parallel in vivo
analysis of large–effect autism genes implicates cortical neurogenesis and estrogen in
risk and resilience. Neuron (2021) 109(8):1409. doi: 10.1016/j.neuron.2021.03.030

4. Xiao L, Feng J, Zhang W, Pan J, Wang M, Zhang C, et al. Autism–like behavior of
murine offspring induced by prenatal exposure to progestin is associated with
gastrointestinal dysfunction due to claudin–1 suppression. FEBS J (2023) 290
(13):3369–82. doi: 10.1111/febs.16761

5. Wang X, Lu J, Xie W, Lu X, Liang Y, Li M, et al. Maternal diabetes induces
autism–like behavior by hyperglycemia–mediated persistent oxidative stress and
suppression of superoxide dismutase 2. Proc Natl Acad Sci U S A. (2019) 116
(47):23743–52. doi: 10.1073/pnas.1912625116
Frontiers in Endocrinology 03
6. Yu H, Niu Y, Jia G, Liang Y, Chen B, Sun R, et al. Maternal diabetes–mediated
RORA suppression in mice contributes to autism–like offspring through
inhibition of aromatase. Commun Biol (2022) 5(1):51. doi: 10.1038/s42003-022-
03005-8

7. Zeng J, Liang Y, Sun R, Huang S, Wang Z, Xiao L, et al. Hematopoietic stem cell
transplantation ameliorates maternal diabetes–mediated gastrointestinal symptoms
and autism–like behavior in mouse offspring. Ann N Y Acad Sci (2022) 1512(1):98–
113. doi: 10.1111/nyas.14766

8. Loomes R, Hull L, Mandy WPL. What is the male–to–female ratio in autism
spectrum disorder? A systematic review and meta–analysis. J Am Acad Child Adolesc
Psychiatry (2017) 56(6):466–74. doi: 10.1016/j.jaac.2017.03.013
frontiersin.org

https://doi.org/10.1016/j.neuron.2021.03.030
https://doi.org/10.1111/febs.16761
https://doi.org/10.1073/pnas.1912625116
https://doi.org/10.1038/s42003-022-03005-8
https://doi.org/10.1038/s42003-022-03005-8
https://doi.org/10.1111/nyas.14766
https://doi.org/10.1016/j.jaac.2017.03.013
https://doi.org/10.3389/fendo.2023.1298381
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Editorial: Endocrinological factors for autism: prenatal biomarkers, early diagnosis and symptom treatment
	Author contributions
	Funding
	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


