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Editorial on the Research Topic

Bone Marrow Adiposity: Establishing Harmonized, Mechanistic, and Multidisciplinary
Approaches to Reach Clinical Translation

This Research Topic comprises ten articles describing different approaches to study the regulation
or maturation of bone marrow adiposity. The conversion of the “red” hematopoietic bone marrow
to a “yellow” fatty one is a long-known phenomenon that has been referred to by many names. Bone
Marrow Adipocytes (BMAds) have also been revealed as puzzling yet intriguing cells, which could
provide exciting novel insights into the pathophysiology and treatment of aging, osteoporosis,
anorexia nervosa, obesity and diabetes, aplastic anemia, multiple myeloma, leukemia, bone
metastases, and many other clinical conditions. Thus, it is no wonder that enthusiasm
surrounding Bone Marrow Adiposity (BMA) research has accelerated in recent years, especially
since techniques for the isolation and study of BMAds have become increasingly refined and
established (Figure 1). However, literature on the role of BMAds shows considerable variation and
inconsistencies so far. The need for consensus and uniformity in this growing field of research is
therefore a major issue that has been highlighted by the International Bone Marrow Adiposity
Society (BMAS).

BMAS was founded in 2017 to consolidate the growing scientific community interested in BMA,
after the success of meetings organized since 2015. This young society brings together physicians
and scientists working on rheumatology and bone biology, oncology, hematology, medical imaging,
endocrinology, and metabolic perturbations, for which BMA research provides a new scientific
direction. So far there have been five meetings with an excellent standard of keynote lectures and
research presentations, in combination with interactive discussions in working groups. Reports
from the third and the fourth meetings are presented in this Research Topic (Corsi et al.; Penel
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et al.). BMAS is an open society with many investigators from
diverse fields who have been gathering in working groups to
share protocols and experience. Two of those working groups
have important publications in this Research Topic (Bravenboer
et al.; Tratwal et al.), which are sure to provide a foundation with
a high impact on BMA research in the future. Other BMAS
working groups are now finalizing additional position papers
(e.g. for Biobanking), which will provide further important
resources for future BMA research.

One position paper addresses the nomenclature challenge
regarding the diverse terminology used so far to describe the fat
depot, the adipose cells, their subtypes or their stem and
progenitor cells within the bone marrow, as well as the
methods used for their study (Bravenboer et al.). Indeed, BMA
can be measured through histomorphometry, computed
tomography (CT), and Magnetic Resonance Imaging (MRI), a
diversity of techniques that has also led to a confusing
heterogeneity. Recommendations of specific terms,
abbreviations, and units have thus been discussed and
compiled to propose a standardized nomenclature to be
adopted by the BMA research community. As observed in the
field of bone histomorphometry following the first consensus
publication in 1987 (1) such terminological harmonization is
expected to improve the consistency between studies and to
facilitate collaborations and inputs from the diverse fields.

Another critical need related to methodological standards has
also led to a second position paper (Tratwal et al.). This paper
already has received many readings and downloads online,
demonstrating that uniformity in methods has become
indispensable to boost BMA research not only in quantity but
also in quality. Based on the review of the literature and on expert
Frontiers in Endocrinology | www.frontiersin.org 2
opinions, specific gold-standard methodologies are discussed
regarding 1) histomorphometry of BMAds, 2) ex vivo BMA
imaging using µCT following the staining with osmium tetroxide
or other contrast-enhancing agents, 3) in vivo BMA imaging
using MRI techniques in clinical studies, 4) cell isolation, culture,
differentiation, and in vitro modulation of primary BMAd and
BM stromal cell precursors, 5) lineage tracing and in vivo BMA
modulation, and 6) BMA biobanking. Importantly, this second
publication highlights the requirements for consensual
annotations and standardization in techniques (choice of
referent and condition) and provides guidelines for a detailed
description of critical experimental parameters to minimize
variability and to improve the comparability between studies.
Emerging techniques are also described, which may soon come
to complement or substitute the gold standards. One of these
techniques is histomorphometry by unbiased semi-automatic
image analysis; this is thoroughly described in this Research
Topic by Tratwal et al. in an original research paper on
MarrowQuant, a new image analysis plug-in. Other relevant
technical strategies have also been developed and are described in
the other associated articles.

Many scientists aimed to answer the urgent questions on how
BMA is regulated. Several papers in this Research Topic address
this subject. A well-known stimulus for BMA accretion is
irradiation. It is therefore highly relevant that Costa and
Reagan put into perspectives the consequences of therapeutic
irradiation on Skeletal Stem Cell (SSC) properties and BMAT
development in rodents and patients with skeletal complications
(Costa and Reagan). In doing so, they propose new strategies in
conjunction with radiotherapy. The central nervous system is a
key mediator of adipose tissue function through sympathetic
FIGURE 1 | Bone marrow adiposity in a human transiliac bone biopsy. Bone marrow adipocytes appear as “gost” cells in a Goldner’s stained section. Magnification
10 × 10.
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adrenergic neurons. Wee et al. investigate whether central
autonomic pathways are also involved in BMAT regulation
using viral transneuronal tract tracing in two mouse strains
(Wee et al.). After quantifying the local sympathetic adrenergic
innervation, they establish that BMAT shares common central
neuroanatomic pathways, notably with peripheral adipose tissue,
which paves the way for future studies on BMAT functional
regulation. An interesting additional hypothesis is that
temperature also regulates BMAT through the sympathetic
nervous system. Turner et al. report the effects of propranolol
in mice housed at 22°C or thermoneutrality to highlight that b-
adrenergic receptor signaling contributes to regulating BMAT
levels and metabolism without critically impacting on the
premature cancellous bone loss observed at room temperature
(Turner et al.). Chronic hyperglycemia has also been revealed as
a promoting factor for adipogenesis within the bone marrow.
Rharass and Lucas further investigate the impact of low and high
glucose levels on human SSC-derived BMAds and their non-
lipid-laden-cell counterparts (Rharass and Lucas). They
demonstrate that high glucose concentrations drive only
mature BMAds toward an altered phenotype through a rise in
reactive oxygen species (ROS) generation. Finally, Dalla Valle
et al. evaluate in this Research Topic the handling of free fatty
Frontiers in Endocrinology | www.frontiersin.org 3
acid (FFA) desaturation in human SSCs to prevent saturated
FFA-induced lipotoxicity (Dalla Valle et al.). Using
pharmacological agents to modulate LXR activity, they provide
evidence for a protective role of the desaturase enzyme Stearoyl-
CoA 9-Desaturase (SCD)1 in human SSC viability during
saturated FFA exposure.

Most of the research in this Research Topic focuses on the
regulation of BMAT and the differentiation routes of SSCs.
Elucidation of these entangled pathways is crucial for targeting
SSCs or BMAds for the treatment of osteoporosis or other
metabolic (bone) diseases. For this ambition, we also need to
clarify how BMAds regulate bone cells such as osteoblasts and
osteoclasts. Unravelling the cross talk between BMAds and bone
cells is crucial not only to target BMAds for improved bone
health, but also if we are to uncover other mechanisms important
in local and systemic metabolism.
AUTHOR CONTRIBUTIONS

NB and SL wrote the manuscript. CR corrected and approved the
final manuscript. All authors contributed to the article and
approved the submitted version.
REFERENCE

1. Parfitt AM, Drezner MK, Glorieux FH, Kanis JA, Malluche H, Meunier PJ, et al.
Bone histomorphometry: standardization of nomenclature, symbols, and units.
Report of the ASBMR Histomorphometry Nomenclature Committee. J Bone
Miner Res (1987) 2(6):595–610. doi: 10.1002/jbmr.5650020617

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 © 2020 Lucas, Rosen and Bravenboer. 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.
October 2020 | Volume 11 | Article 604110

https://doi.org/10.3389/fendo.2019.00904
https://doi.org/10.3389/fendo.2019.00904
https://doi.org/10.3389/fendo.2020.00117
https://doi.org/10.3389/fendo.2020.00117
https://doi.org/10.3389/fendo.2019.00607
https://doi.org/10.3389/fendo.2019.00607
https://doi.org/10.3389/fendo.2019.00726
https://doi.org/10.3389/fendo.2019.00726
https://doi.org/10.3389/fendo.2019.00726
https://doi.org/10.1002/jbmr.5650020617
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: Bone Marrow Adiposity: Establishing Harmonized, Mechanistic, and Multidisciplinary Approaches to Reach Clinical Translation
	Author Contributions
	Reference



<<
  /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 0.40
    /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 true
  /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 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)
  >>
  /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


