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Editorial on the Research Topic

Osteoporosis and the Role of Muscle

This Research Topic, Osteoporosis and the Role of Muscle, began as an exploration of the effect
bone resorption had on muscle wasting and the contribution of the latter to falls and fragility
fractures. As contributions began arriving for this topic, it became clear that the subject had many
more aspects than was initially conceived. In fact, papers have approached this topic from the
standpoints of creation of a new model to study bone and muscle crosstalk, neurologic illnesses and
spinal cord injury as a means to understanding the relationships between bone and muscle, genetics,
cell biology, biomechanics and nutrition, along with the original translational concept of the
biochemical interactions of bone and muscle.

Biguetti et al. developed a mouse model involving surgical injury to the vastus lateralis muscle
and the femur in which to study simultaneous healing of muscle and bone in relation to age, sex, and
the 5-lipoxygenase pathway, knockout of which demonstrated less inflammation than in wild
type animals.

Lin et al. using a weighted gene co-expression analysis of micro RNAs, messenger RNAs and
genes that are osteoporosis related to identify a potential micro- and messenger RNA regulatory
network. While this study did not specifically mention muscle, if these same bioinformatics
techniques were to be used to develop a micro and messenger RNA regulatory network of gene
expression in muscle, it might be possible to draw an intriguing comparison of regulatory networks
for gene expression in bone and muscle and their relative actions in osteoporosis, as well as other
related conditions.

In a slightly different approach to muscle-bone interaction studies, Zhang et al. examined the
effect of vitamin D supplementation on hand grip strength in a review and meta-analysis of 13
randomized controlled studies in post-menopausal women. The outcome demonstrated an
improvement in handgrip strength, though not in timed Up and Go studies, raising the
possibility that vitamin D supplementation may selectively improve only certain muscle function
in the elderly.

Studies in biomechanical influences of muscle on bone were reported by Luscher et al. in trained
long-distance runners compared to untrained controls using serial peripheral quantitative
computed tomography. While the runners had greater bone strength and stiffness in the tibia,
they also had lower lateral bending stiffness in the fibula. The authors suggest that this adaptation
could improve energy storage during locomotion, implying a novel biomechanical role of the
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skeleton beyond transmitting force and resisting fracture.
Nutrition was also examined in high-performing athletes as
Heikura et al. demonstrated that a ketogenic diet in elite race
walkers impairs biomarkers of bone formation while increasing
markers of bone resorption, potentially leading to a low-
formation, high-resorption state following exercise, making the
case for further study of the biochemical effects of a high fat, low
carbohydrate diet on the musculoskeletal system of elite athletes.

Two articles examining cell biologic aspects of muscle and bone
metabolism included one by Xu et al. that finds that hypoxia-
inducible factor-1 alpha (HIF-101) in MC3T3 osteoblast-like cells
exposed to dexamethasone triggers a pathway via pyruvate
dehydrogenase kinase-1 (PDK-1) that will phosphorylate the
AKT/mTOR anabolic pathway. This pathway is suppressed by
dexamethasone exposure. It would not be surprising if this same
pathway is active in skeletal muscle as well as glucocorticoid
exposure is known to produce oxidative stress in both bone and
muscle and result in up-regulation of the FOXO genes that that
impair osteoblastogenesis and muscle protein synthesis (1, 2).

A review by Chen et al. examines the role of N° methyladenosine
(m°A) in the form of m°A methyltransferase METTL;, which is
involved in the osteogenic versus adipogenic fate of marrow stem
cells. Knockdown of METTL; suppresses expression of runx2 and
osterix, which are critical steps in osteoblastogenesis and can also
reduce expression of VEGF. M°A in muscle myoblasts controls their
transition to other muscle cell states (3, 4). This is an epigenetic
factor that exists in both bone and skeletal muscle and the
coordination of actions in both tissues is worth further study.

In manuscripts covering the spinal cord and central nervous
system, Iolascon et al. discuss the current treatments available for
neuromuscular disease and makes us appreciate the complexity of
interactions among muscle, bone, and nerves. It is clear that we
have much to learn before we can propose a truly integrated model
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of muscle, bone and nerve, in the regulation of muscle and bone
mass and function. Invernizzi et al. in the meantime review the
available treatments for the joint loss of bone and muscle in spinal
cord injury. While this review is state of the art, it also leaves us
with the need to investigate more thoroughly the relationship
between muscle and bone loss in neurologic conditions.

Finally, we return to the original idea in the role of muscle in
osteoporosis. That is, that the bone on resorption liberates
transforming growth factor beta (TGF-f), as shown by Pin et
al. in pediatric burns and by Essex et al. in cisplatin-treated mice.
The use of anti-resorptives, pamidronate in the case of pediatric
burns and zoledronic acid in the case of cancer-treated mice,
protected the bone and muscle mass in each case, demonstrating
that is a factor released by bone that contributes to, if not being
wholly responsible for, muscle wasting in these conditions. In the
case of myoblast studies of Pin et al. the TGF- released from
bone suppressed the phosphorylation of the anabolic AKT/mTor
pathway and increased expression of ubiquitin of the catabolic
ubiquitin ligase pathway. These findings explain the original
report of the characterization of muscle protein preservation
with use of bisphosphonates in pediatric burns (5)

This entire collection of articles provides for the first time a
focus on a variety of different aspects of muscle and bone
interaction in a variety of conditions and with more study of
this emerging area we hope that more definitive treatments can
be identified that can alter the mechanisms that lead to bone loss
and consequent muscle wasting.

AUTHOR CONTRIBUTIONS

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

5. Borsheim E, Herndon DN, Hawkins HK, Suman OE, Cotter M, Klein GL.
Pamidronate Attenuates Muscle Loss After Pediatric Burn Injury. ] Bone Miner
Res (2014) 29:1369-72. doi: 10.1002/jbmr.2162

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.

Copyright © 2022 Brotto, Invernizzi, Ireland and Klein. 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

June 2022 | Volume 13 | Article 951298


https://doi.org/10.3389/fendo.2019.00880
https://doi.org/10.3389/fendo.2019.00922
https://doi.org/10.3389/fendo.2019.00911
https://doi.org/10.3389/fendo.2019.00794
https://doi.org/10.3389/fendo.2020.00204
https://doi.org/10.3389/fendo.2019.00543
https://doi.org/10.3389/fendo.2019.00543
https://doi.org/10.3389/fendo.2019.00809
https://doi.org/10.3389/fendo.2019.00543
https://doi.org/10.1074/jbc.M111.283481
https://doi.org/10.1016/j.ygcen.2016.02.007
https://doi.org/10.1016/j.ygcen.2016.02.007
https://doi.org/10.1038/s41420-020-00328-5
https://doi.org/10.1016/j.lfs.2022.120496
https://doi.org/10.1016/j.lfs.2022.120496
https://doi.org/10.1002/jbmr.2162
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: Osteoporosis and the Role of Muscle
	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 false
  /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 false
  /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 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /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


