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Editorial on the Research Topic

Endocrine Modulators of Neurological Processes: Potential Treatment Targets of Pediatric
Neurological Diseases

INTRODUCTION

Over the last decade, significant progress has been made in understanding the effects of
neuroendocrine regulators, represented by brain gut peptides, leptin, melatonin, as well as
ketogenic diet (KD), on brain development, brain injury repair and early warning. This Research
Topic contains 10 articles, contributed by 40 authors, from 17 countries (plus 28 experts
participating in the review and editing), focusing on most recent understanding of the effects of
neuroendocrine regulators on pediatric neurological diseases, including the predictive value of
ghrelin, leptin, and other adipokines in the early diagnosis and intervention on pediatric
neuropathy, the progress of basic research and the potential translational medicine value, etc.
Gastrointestinal peptides play important roles by regulating feeding and energy homeostasis.
Ghrelin is a multifaceted gut hormone that is famously known as a “hunger hormone,” just the
opposite of cholecystokinin (CCK), which is referred to as a “satiety factor.” Both hormones act via
the peripheral vagal afferent and interact to modulate feeding regulation (1). The anticonvulsant
effects of ghrelin and CCK have been reported (2, 3). Notably, ghrelin is expected to be an effective
therapy for lean patients with cachexia caused by chronic heart failure, anorexia nervosa, and
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functional dyspepsia (4). In this Research Topic, Marchio et al.
evaluated ghrelin and growth during 1 year of ketogenic diet (KD).
They examined a small cohort of six children (two males and four
females, age range 3-10.4 years) affected by refractory epilepsy,
who received the KD as add-on treatment. The results showed
that ghrelin plasma levels are consistently reduced in children
with refractory epilepsy and maintained on the KD. This change
was associated with low growth indexes in the majority
of patients.

Although the mechanism of KD’s anti-epileptogenic and
neuroprotective effects has been studied in recent years (5, 6),
there is still a lack of spectral molecular expression research. Here
a proteomics study by Zheng et al. analyzed the effects of KD
against lithium chloride/pilocarpine-induced status epilepticus
(SE) in rats. Seventy-nine proteins in hippocampus showing a
significant change in abundance between SE and control (Ctr)
groups were reciprocally regulated in the SE + KD group
compared to the SE group (i.e., the seizure-induced change was
reversed by KD). Of these, five (dystrobrevin, centromere protein
V, oxysterol-binding protein, tetraspanin-2, and progesterone
receptor membrane component 2) were verified by parallel
reaction monitoring. Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathway analysis indicated that proteins of
the synaptic vesicle cycle pathway were enriched both among
proteins differing in abundance between SE and Ctr groups as
well as between SE + KD and SE groups.

Chen et al. investigated the effects of different zinc
concentrations in the diet on long-term neurobehavioral and
seizure thresholds following lithium chloride/pilocarpine-
induced developmental seizures. They found that zinc
supplementation for 4 weeks significantly improved injury-
related changes, and rescued abnormalities in GPR39, ZnT-3,
and MBP expression in the hippocampus, which suggests that
the role of zinc ions in developmental convulsive brain injury
may not be purely excitotoxic as previously thought (7-9), but
may play a protective role in the brain as mentioned earlier (10).
In a perspective article by Doenyas, a more comprehensive
approach termed the “gut-immune-endocrine-brain” axis, is
taken, based on which a personalized treatment plan for
autism spectrum disorder (ASD) is presented.

Another clinical Cross-Sectional Study by Chen et al. in the
present Research Topic investigated the association among
plasma adipokines, mainly leptin, visfatin, adiponectin, or IL-6,
and the prognosis of febrile seizures (FS). The main findings were
that serum adiponectin and IL-6 levels were significantly higher
in the FS group than in the FC and HC groups, while there was
no statistical difference between the FC and HC groups,
indicating that higher plasma levels of IL-6 and adiponectin
could serve as an additional biomarker in the early treatment or
follow-up of FS children.

Melatonin is an indoleamine secreted by the pineal gland. It
can be used for the treatment of children with developmental
disorders, such as ASD and attention deficit/hyperactivity
disorder to improve their sleep disturbance (11, 12). Animal
experiments and limited human data have confirmed the
neuroprotective effect of melatonin on hypoxic-ischemic (HI)

or developmental seizure-induced excitotoxic brain damage (13-
15). Here, two studies have explored the molecular signaling
mechanism of the neuroprotective effect of melatonin through
the in vitro glutamate excitotoxic injury model and the in vivo
cerebral palsy model. Wang et al. investigated the impact of
melatonin on the parameters of glutamate cytotoxicity in mouse
HT22 hippocampal neurons and tested the hypothesis that
melatonin confers neuroprotective effects via mitochondrial
oxidative stress/autophagy signaling. The findings indicate that
melatonin exerts neuroprotective effects against glutamate-
induced excitotoxicity by reducing mitophagy-related oxidative
stress and maintaining mitochondrial function. Sun et al. used
plppr5 knockout (plppr5-/-) mice and their wild-type littermates
to establish a model of HI injury to further explore the effects
of melatonin on brain injury and the role of plppr5 in this
treatment in an HI model, which mainly focuses on cognition,
exercise, learning and memory. They found that plppr5
knockout aggravated HI damage and partially weakened the
neuroprotective effect of melatonin in some aspects (such as
novel object recognition tests and partial nerve reflexes).

Interactions between the brain and distinct adipose depots have
a key role in maintaining energy balance, thereby promoting brain
development, among them, leptin play a key role (16). Recently,
there has been renewed interest in the role of leptin in repairing
developmental brain damage (17, 18). Here, a review article by
Fujita and Yamashita summarize novel functions of leptin in animal
models of neurodegenerative diseases. Specifically, they focus on the
emerging evidence for the role of leptin in non-neuronal cells in the
central nervous system, including astrocytes, microglia, and
oligodendrocytes, which provides helpful information to establish
therapeutic strategies to address the neurological diseases.

In addition, the study by Zhao et al. explored the significance of
the 02 isoform of Na+/K+-ATPase in the regulation of the
electrophysiological properties of skeletal muscle cells by B-
Catenin. The review article by Wu et al. discussed the emerging
roles of long non-coding RNAs in chronic neuropathic pain.

In conclusion, the present clinical and basic studies allow us a
better understanding of the effects of endocrine modulators on
pediatric neurological diseases. We hope that the information
gathered from this Research Topic will help promote clinical
translational medical research to better prevent and treat these
injuries in the near future.

AUTHOR CONTRIBUTIONS

HN wrote the draft. GB, DU, and AC reviewed the manuscript.
All authors contributed to the article and approved the
submitted version.

FUNDING

This work was supported by the National Natural Science
Foundation of China (81871024 and 81471337) and the key
talent’s subsidy project in science and education of Department
of Public Health of Jiangsu Province (ZDRCC2016008).

Frontiers in Endocrinology | www.frontiersin.org

February 2021 | Volume 12 | Article 655290


https://doi.org/10.3389/fnut.2019.00112
https://doi.org/10.3389/fnins.2020.562853
https://doi.org/10.3389/fnins.2019.00920
https://doi.org/10.3389/fendo.2019.00508
https://doi.org/10.3389/fendo.2020.00531
https://doi.org/10.3389/fendo.2019.00550
https://doi.org/10.3389/fendo.2021.598788
https://doi.org/10.3389/fnins.2019.00828
https://doi.org/10.3389/fnins.2019.00831
https://doi.org/10.3389/fnins.2019.01097
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles

Ni et al.

Treatment Targets of Neuropediatric Diseases

REFERENCES

10.

11.

. Date Y, Toshinai K, Koda S, Miyazato M, Shimbara T, Tsuruta T, et al.

Peripheral interaction of ghrelin with cholecystokinin on feeding regulation.
Endocrinology (2005) 146:3518-25. doi: 10.1210/en.2004-1240

. Lee SY, Soltesz I. Cholecystokinin: a multi-functional molecular switch of

neuronal circuits. Dev Neurobiol (2011) 71:83-91. doi: 10.1002/dneu.20815

. Coppens J, Aourz N, Walrave L, Fehrentz JA, Martinez J, De Bundel D, et al.

Anticonvulsant effect of a ghrelin receptor agonist in 6Hz corneally kindled
mice. Epilepsia (2016) 57:¢195-9. doi: 10.1111/epi.13463

. Ueno H, Shiiya T, Nakazato M. Translational research of ghrelin. Ann N Y

Acad Sci (2010) 1200:120-7. doi: 10.1111/§.1749-6632.2010.05509.x

. Tian T, Li LL, Zhang SQ, Ni H. Long-Term Effects of Ketogenic Diet on Subsequent

Seizure-Induced Brain Injury During Early Adulthood: Relationship of Seizure
Thresholds to Zinc Transporter-Related Gene Expressions. Biol Trace Elem Res
(2016) 174:369-76. doi: 10.1007/s12011-016-0730-3

. Ni H, Jiang YW, Tao LY, Jin MF, Wu XR. ZnT-1, ZnT-3, CaMK II, PRG-1

expressions in .hippocampus following neonatal seizure-induced cognitive deficit
in rats. Toxicol Lett (2009) 184:145-50. doi: 10.1016/j.toxlet.2008.11.003

. Ni H, Jiang YW, Tao LY, Cen JN, Wu XR. Effects of penicillin-induced

developmental epilepticus on hippocampal regenerative sprouting, related
gene expression and cognitive deficits in rats. Toxicol Lett (2009) 188:166-6.
doi: 10.1016/j.toxlet.2009.04.002

. Ni H, Feng X, Gong Y, Tao LY, Wu XR. Acute phase expression pattern of

ZnTs, LC3, and beclin-1 in rat Hippocampus and its regulation by 3-
methyladenine following recurrent neonatal seizures. Biol Trace Elem Res
(2011) 143:320-31. doi: 10.1007/s12011-010-8836-5

. Ni H, Li C, Feng X, Cen JN. Effects of forced running exercise on cognitive

function and its relation to zinc homeostasis-related gene expression in rat
hippocampus. Biol Trace Elem Res (2011) 142:704-12. doi: 10.1007/s12011-
010-8793-z

Bruni O, Alonso-Alconada D, Besag F, Biran V, Braam W, Cortese S, et al.
Current role of melatonin in pediatric neurology: clinical recommendations.
Eur ] Paediatr Neurol (2015) 19:122-33. doi: 10.1016/j.¢jpn.2014.12.007
Maras A, Schroder CM, Malow BA, Findling RL, Breddy J, Nir T, et al. Long-
Term Efficacy and Safety of Pediatric Prolonged-Release Melatonin for
Insomnia in Children with Autism Spectrum Disorder. | Child Adolesc
Psychopharmacol (2018) 28:699-710. doi: 10.1089/cap.2018.0020

12.

14.

15.

16.

17.

Paprocka J, Kijonka M, Rzepka B, Sokot M. Melatonin in Hypoxic-Ischemic
Brain Injury in Term and Preterm Babies. Int ] Endocrinol (2019)
2019:9626715. doi: 10.1155/2019/9626715

. Barghout MS, Al-Shahawy AK, El Amrousy DM, Darwish AH. Comparison

Between Efficacy of Melatonin and Diazepam for Prevention of Recurrent
Simple Febrile Seizures: A Randomized Clinical Trial. Pediatr Neurol (2019)
101:33-8. doi: 10.1016/j.pediatrneurol.2019.01.010

Ni H, Sun Q, Tian T, Feng X, Sun BL. Prophylactic treatment with melatonin
before recurrent neonatal seizures: effects on long-term neurobehavioral
changes and the underlying expression of metabolism-related genes in rat
hippocampus and cerebral cortex. Pharmacol Biochem Behav (2015) 133:25—
30. doi: 10.1016/j.pbb.2015.03.012

Caron A, Lee S, Elmquist JK, Gautron L. Leptin and brain-adipose crosstalks.
Nat Rev Neurosci (2018) 19:153-65. doi: 10.1038/nrn.2018.7

Jin MF, Ni H, Li LL. Leptin maintained zinc homeostasis against glutamate-
induced excitotoxicity by preventing mitophagy-mediated mitochondrial
activation in HT22 hippocampal neuronal cells. Front Neurol (2018)
9:322:322. doi: 10.3389/fneur.2018.00322

Ni H, Chen SH, Li LL, Jin MF. Leptin treatment prevents long-term
abnormalities in cognition, seizure threshold, hippocampal mossy fiber
sprouting and ZnT3/CB-D28k expression in a rat developmental “twist”
seizure model. Epilepsy Res (2018) 139C:164-70. doi: 10.1016/j.eplepsyres.
2017.12.009

. NiH, Zhao DJ, Tian T. Ketogenic diet change cPLA2/clusterin and autophagy

related gene expression and correlate with cognitive deficits and hippocampal
MFs sprouting following neonatal seizures. Epilepsy Res (2016) 120:13-8.
doi: 10.1016/j.eplepsyres.2015.11.021

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.

Copyright © 2021 Ni, Biagini, Upadhya and Capuano. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Endocrinology | www.frontiersin.org

February 2021 | Volume 12 | Article 655290


https://doi.org/10.1210/en.2004-1240
https://doi.org/10.1002/dneu.20815
https://doi.org/10.1111/epi.13463
https://doi.org/10.1111/j.1749-6632.2010.05509.x
https://doi.org/10.1007/s12011-016-0730-3
https://doi.org/10.1016/j.toxlet.2008.11.003
https://doi.org/10.1016/j.toxlet.2009.04.002
https://doi.org/10.1007/s12011-010-8836-5
https://doi.org/10.1007/s12011-010-8793-z
https://doi.org/10.1007/s12011-010-8793-z
https://doi.org/10.1016/j.ejpn.2014.12.007
https://doi.org/10.1089/cap.2018.0020
https://doi.org/10.1155/2019/9626715
https://doi.org/10.1016/j.pediatrneurol.2019.01.010
https://doi.org/10.1016/j.pbb.2015.03.012
https://doi.org/10.1038/nrn.2018.7
https://doi.org/10.3389/fneur.2018.00322
https://doi.org/10.1016/j.eplepsyres.2017.12.009
https://doi.org/10.1016/j.eplepsyres.2017.12.009
https://doi.org/10.1016/j.eplepsyres.2015.11.021
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles

	Editorial: Endocrine Modulators of Neurological Processes: Potential Treatment Targets of Pediatric Neurological Diseases
	Introduction
	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 /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 true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /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 true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /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 true
  /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)
    /ENP ()
  >>
  /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


