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Sphingolipids play a physiologically major role in 
the human body. They not only serve as essential 
constituents of the membrane but also make 
microdomains called lipid rafts with cholesterol on the 
cell surface for transporting substances in and out of 
the cells. Sphingomyelin constitutes myelin sheath 
and red blood cell membrane. In contrast, if 
sphingomyelin is abnormally stored in the 
reticuloendothelial system and neurons of the body, 
lethal damage can occur after birth. This situation 
occurs in Niemann–Pick disease type A and B 
genetically lacking sphingomyelinase, which degrades 
sphingomyelin. In plasma, about 20% of lipoprotein 
phospholipids is sphingomyelin, most of which exists 
in VLDL and LDL1). Sphingomyelin on the surface of 
LDL particles interferes in the reaction between LDL 
and LDL receptors 2, 3) and promotes LDL 
aggregation 2). Aggregated LDL is captured by 
scavenger receptors of macrophages. These 
phenomena mean that sphingomyelin in LDL has 
pro-atherogenicity. As reported previously, the 
ingestion of plant stanol decreased the amount of 
sphingomyelin in LDL and lowered the aggregation 
susceptibility of LDL particles4). 

Sphingomyelin consists of ceramide (N-acyl 
sphingosine) and phosphoryl choline. Ceramide 
consists of sphingosine and a fatty acid (Fig.1). 
Ceramide and sphingosine also belong to 
sphingolipid. Ceramide is related to atherosclerosis. 
Meeusen et al. demonstrated that the number of 
plasma ceramides was associated with major adverse 
cardiovascular events in their cohort of 495 
participants5). Concerning the molecular species of 
ceramides, they showed that N-palmitoyl sphingosine 
[Cer(16:0)], N-stearoyl-sphingosine [Cer(18:0)], and 
N-nervonoyl-sphingosine [Cer(24:1)] are significantly 

predictive of a major cardiovascular outcome at 4 years 
of follow-up. Recently, ceramide has also been 
reported to be involved in the pathogenesis of type 2 
diabetes mellitus. Neeland et al. reported that plasma 
ceramides, especially bound to saturated fatty acids, 
are related to visceral adiposity, insulin resistance, and 
the development of type 2 diabetes6). Fretts et al. also 
reported that plasma ceramide, especially Cer(16:0), 
Cer(18:0), N-arachidoyl-sphingosine [Cer(20:0)], and 
N-behenoyl-sphingosine [Cer(22:0)], are associated 
with a higher risk of diabetes7). 

In this issue of Journal of Atherosclerosis and 
Thrombosis, Kurano et al. reported that they 
measured ceramides and sphingosine, including 
dihydrosphingosine, a molecule that is closely related 
to sphingosine (Fig.1), in each serum lipoprotein and 
lipoprotein-deleted fraction of healthy controls and 
patients with diabetes and compared the distribution 
of these sphingolipids between the two populations8). 
Some of their patients with type 2 diabetic mellitus 
had complications related to cardiovascular diseases 
and diabetic nephropathy. They separated lipoproteins 
from the serum of all participants using sequential 
ultracentrifugation and measured sphingolipids in 
each fraction using the LC-MS/MS system. Although 
several researchers have mentioned the relationship 
between serum ceramides and atherosclerosis or 
metabolic deterioration in humans, the distribution of 
sphingolipids among lipoproteins is rarely observed. 
Therefore, the research of Kurano et al. is well noted. 
The important points they found are as follows: 1) the 
levels of ceramide, sphingosine, and dihydosphingosine 
in HDL were lower, whereas those in lipoprotein-
depleted fractions were higher in patients with 
diabetes; 2) the contents of sphingosine, Cer(16:0) 
and N-lignoceroyl-sphingosine [Cer(24:0)] in the 
LDL fraction were higher in the group with diabetes, 
and levels of ceramides in LDL were negatively 
associated with the presence of cardiovascular diseases 
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its molecular species not only in the whole serum but 
also in lipoproteins. More observations are expected. 

Although the research of Kurano et al. is 
noteworthy, there are some concerns in their study. 
Some patients in the group with diabetes were 
prescribed statins. Statins naturally affect lipoprotein 
metabolism and may affect sphingolipid metabolism. 
They analyzed the data using various statistical 
methods and tried to cancel the confounding effects 
of statins, but it complicated the interpretation of the 
results. The number of subjects they measured was 
relatively small considering the mixed characters of the 
group. If they included more subjects for analysis, the 
results could become much clearer.

In conclusion, Kurano et al. opened the door to 
a new research field of sphingolipids, but the question 
of physiological and pathological roles of sphingolipids 
remains.  
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Fig.1. The structures of sphingolipids are shown.
CO-R denotes an acyl residue.



1698

Hiroshi Hayashi

mellitus: the Dallas Heart Study. Diabetologia, 2018; 61: 
2570-2579

7) Fretts AM, Jensen PN, Hoofnagle AN, McKnight B, 
Howard BV, Umans J, Sitlani CM, Siscovick DS, King 
IB, Djousse L, Sotoodehnia N and Lemaitre RN. Plasma 
ceramides containing saturated fatty acids are associated 
with risk of type 2 diabetes. J Lipid Res, 2021; 62: 
100119

8) Kurano M, Tsukamoto K, Sakai E and Yatomi Y. 
Differences in the distribution of ceramides and 
sphingosine among lipoprotein and lipoprotein-depleted 
fractions in patients with type 2 diabetes mellitus. J 
Atheroscler Thromb, 2022; 29: 1727-1758

H, Simonen P, Kovanen PT, Gylling H and Öörni K. 
Plant stanol esters reduce LDL (low-density lipoprotein) 
aggregation by altering LDL surface lipids. The BLOOD 
FLOW Randomized Intervention Study. Arterioscler 
Thromb Vasc Biol, 2020; 40: 2310-2321 

5) Meeusen JW, Donato LJ, Bryant SC, Baudhuin LM, 
Berger PB and Jaffe AS. Plasma ceramides. A novel 
predictor of major adverse cardiovascular events after 
coronary angiography. Arterioscler Thromb Vasc Biol, 
2018; 38: 1933-1939

6) Neeland IJ, Singh S, McGuire DK, Vega GL, Roddy T, 
Reilly DF, Castro-Perez J, Kozlitina J and Scherer PE. 
Relation of plasma ceramides to visceral adiposity, insulin  
resistance and the development of type 2 diabetes 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 350
  /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 true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 350
  /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 true
  /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 true
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <>
    /CHT <>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /KOR <>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
    /JPN <>
  >>
  /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
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice


