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ABSTRACT 
 
Obesity, defined as a body mass index of 30 or above, is the result of an imbalance of energy intake and energy 
expenditure. In the last decade, the obesity prevalence has truly reached epidemic proportions with major effects 
on public health. Obesity is closely associated with insulin resistance, type 2 diabetes, hyperlipidemia and 
atherosclerosis. On the other end of the spectra, cancer cachexia is a poor diagnostic factor in cancer patients. It 
is characterized by a state of unintentional weight loss, primarily of body fat but also of lean body mass. 
Although the mechanisms behind the loss of adipose tissue are not completely understood, lipolysis seems to be 
a major factor. 
 
Adipose tissue is an important metabolic and endocrine organ. One of the most important functions of the 
adipocyte is lipolysis, the hydrolysis of triglycerides to free fatty acids (FFA) and glycerol. This is a tightly 
regulated process of great importance to whole-body metabolism. The FFAs can either be released into the 
circulation, to be used as energy substrate by other organs and tissues, or utilized within the adipocyte for re-
esterification or lipid oxidation. The process of lipid oxidation in adipocytes is controlled in part by the pyruvate 
dehydrogenase complex (PDC), an important regulator of substrate oxidation in adipocytes. This complex is 
inactivated when phosphorylated by pyruvate dehydrogenase kinases (PDKs), which promotes lipid oxidation 
rather than glucose oxidation. 
 
The aim of this thesis was to investigate how two factors, the liver x receptor (LXR) and cell death-inducing 
DNA fragmentation factor-α-like effector A (CIDEA) affect adipose tissue metabolism. LXR is a nuclear 
receptor and a known regulator of cholesterol, lipid and carbohydrate metabolism. CIDEA is almost exclusively 
expressed in white adipocytes in humans and can affect critical metabolic functions such as lipolysis.  
 
In paper I, we investigated the role of CIDEA in cancer cachexia. We measured levels of CIDEA in 
subcutaneous adipose tissue from subjects suffering from cancer cachexia and compared these to weight-stable 
cancer patients and noncancer patients. Levels of CIDEA mRNA were increased in cancer cachexia and 
correlated with elevated levels of FFAs and weight loss. Over-expression of CIDEA increased fatty acid 
oxidation in human adipocytes in culture and decreased glucose oxidation. Furthermore, augmented levels of 
CIDEA enhanced the expression of PDK1 and PDK4, and the phosphorylation of PDC. In accordance with this, 
mRNA levels of PDK1 and PDK4 in the clinical material correlated with CIDEA expression. In conclusion, 
CIDEA is involved in loss of adipose tissue in cancer cachexia at least in part due to its ability to inactivate PDC 
and thereby switch substrate oxidation in human adipocytes from glucose to lipids. 
In papers II and III, the role of LXR in human adipocytes was studied, with focus on substrate oxidation 
(paper II) and lipolysis (paper III). In paper II, we treated human adipocytes with the LXR agonist GW3965 and 
observed an increased fatty acid and decreased glucose oxidation. We showed that LXR activation can increase 
the mRNA level of PDK4 and thereby the phosphorylation of PDC. We also showed a decreased activity of 
PDC, which was found to be dependent on PDK4. Furthermore, we could establish that the effect of GW3965 
on lipid oxidation was specific for LXR, since it was abolished upon knockdown of LXR. In conclusion, we 
suggest that LXR has an important role in the regulation of substrate oxidation in human adipocytes, at least in 
part by influencing the phosphorylation status of PDC. 
 In paper III, LXR activation was shown to up-regulate glycerol release from human adipocytes. Based on 
microarray analysis we found a strong impact of LXR activation on known lipolysis-regulating genes. We 
showed differences in expression and localization of perilipin 1 (PLIN1) and hormone sensitive lipase (HSL). 
When PLIN1 is depleted, the effect of LXR is abolished. Furthermore, we showed binding of LXR and its 
heterodimerizing partner Retinoid X Receptor to the promoters of HSL and PLIN1 upon LXR activation. We 
also demonstrated that LXRα is the predominant isoform involved in regulation of adipocyte lipolysis within 
this context. In conclusion, we proposed that LXR activation up-regulates adipocyte lipolysis, at least in part 
through LXR binding to the promoter of PLIN1 and down-regulation of PLIN1 expression.  
 
In conclusion, we suggest that CIDEA and LXR can affect central functions of adipocyte metabolism, namely 
lipolysis and substrate oxidation. We show that CIDEA is involved in the loss of adipose tissue in cancer 
cachexia and that this is at least in part due to a shift in substrate oxidation. Activation of LXR in human 
adipocytes increases fatty acid oxidation and lipolysis, through effects on PDC and PLIN1. The findings in this 
thesis are of importance for conditions of dysregulated adipose tissue metabolism, such as obesity and cachexia. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Perssons 175 Best 061002_2.icc)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /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 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 /None
  /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 false
  /GrayImageDownsampleType /None
  /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 false
  /MonoImageDownsampleType /None
  /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

  /CreateJDFFile false
  /Description <<
    /SVE <>
  >>
  /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 true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        8.503940
        8.503940
        8.503940
        8.503940
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /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


